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Abstract 
Forest	 ﾠcover	 ﾠchange	 ﾠis	 ﾠconsidered	 ﾠa	 ﾠmajor	 ﾠcause	 ﾠof	 ﾠwater	 ﾠscarcity	 ﾠduring	 ﾠthe	 ﾠ
dry	 ﾠseason	 ﾠin	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠRiver	 ﾠBasin	 ﾠof	 ﾠEthiopia,	 ﾠwhich	 ﾠis	 ﾠpart	 ﾠof	 ﾠthe	 ﾠNile	 ﾠ
River	 ﾠsystem.	 ﾠHowever,	 ﾠthis	 ﾠis	 ﾠan	 ﾠover-ﾭ‐simplification	 ﾠof	 ﾠthe	 ﾠcomplex	 ﾠreality	 ﾠof	 ﾠ
forest	 ﾠand	 ﾠflow	 ﾠrelationships,	 ﾠespecially	 ﾠin	 ﾠthe	 ﾠtropics.	 ﾠThe	 ﾠobjectives	 ﾠof	 ﾠthis	 ﾠ
study	 ﾠwere	 ﾠto	 ﾠexplore	 ﾠthe	 ﾠspatial	 ﾠrelationship	 ﾠof	 ﾠland	 ﾠuse	 ﾠand	 ﾠflow	 ﾠregime,	 ﾠ
detect	 ﾠtemporal	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠhydrological	 ﾠregime,	 ﾠdetermine	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠ
forest	 ﾠcover,	 ﾠand	 ﾠsummarize	 ﾠthe	 ﾠresults	 ﾠto	 ﾠdefine	 ﾠthe	 ﾠrelationship	 ﾠbetween	 ﾠ
forest	 ﾠcover	 ﾠand	 ﾠhydrological	 ﾠregime.	 ﾠTwo	 ﾠbroad	 ﾠapproaches	 ﾠwere	 ﾠused	 ﾠto	 ﾠ
address	 ﾠthese	 ﾠaims:	 ﾠobservational	 ﾠdata	 ﾠanalysis	 ﾠand	 ﾠcommunity	 ﾠperception.	 ﾠ
Thirty-ﾭ‐two	 ﾠwatersheds	 ﾠwere	 ﾠcovered	 ﾠin	 ﾠthe	 ﾠspatial	 ﾠstudy,	 ﾠand	 ﾠ45	 ﾠyears	 ﾠof	 ﾠdata	 ﾠ
for	 ﾠ a	 ﾠ dozen	 ﾠ of	 ﾠ these	 ﾠ watersheds	 ﾠ were	 ﾠ analyzed	 ﾠ in	 ﾠ the	 ﾠ temporal	 ﾠ study.	 ﾠ
Statistical	 ﾠmethods	 ﾠwere	 ﾠused	 ﾠto	 ﾠexplore	 ﾠthe	 ﾠspatial	 ﾠrelationship	 ﾠof	 ﾠland	 ﾠuse	 ﾠ
and	 ﾠ flow,	 ﾠ and	 ﾠ both	 ﾠ statistical	 ﾠ and	 ﾠ modeling	 ﾠ methods	 ﾠ were	 ﾠ used	 ﾠ to	 ﾠ detect	 ﾠ
hydrological	 ﾠ change	 ﾠ over	 ﾠ time.	 ﾠ Remote	 ﾠ sensing	 ﾠ analysis	 ﾠ was	 ﾠ used	 ﾠ to	 ﾠ
document	 ﾠforest	 ﾠcover	 ﾠchanges.	 ﾠ
Natural	 ﾠ grassland	 ﾠ and	 ﾠ woodland	 ﾠ had	 ﾠ a	 ﾠ positive,	 ﾠ while	 ﾠ grazing	 ﾠ land	 ﾠ and	 ﾠ
open	 ﾠbush	 ﾠland	 ﾠhad	 ﾠa	 ﾠnegative	 ﾠcorrelation	 ﾠwith	 ﾠlow	 ﾠflow	 ﾠregimes	 ﾠat	 ﾠthe	 ﾠspatial	 ﾠ
scale.	 ﾠ There	 ﾠ were	 ﾠno	 ﾠmajor	 ﾠtemporal	 ﾠ changes	 ﾠ in	 ﾠ the	 ﾠ flow	 ﾠ regime,	 ﾠ or	 ﾠ clear	 ﾠ
results	 ﾠ to	 ﾠ attribute	 ﾠ land	 ﾠ degradation	 ﾠ or	 ﾠ land	 ﾠ use	 ﾠ change	 ﾠ to	 ﾠ hydrological	 ﾠ
changes	 ﾠand	 ﾠspecific	 ﾠchanges	 ﾠwithin	 ﾠeach	 ﾠwatershed.	 ﾠThe	 ﾠchange	 ﾠrelated	 ﾠto	 ﾠ
forest	 ﾠcover	 ﾠwere	 ﾠwatershed	 ﾠspecific,	 ﾠalthough	 ﾠthere	 ﾠwere	 ﾠgeneral	 ﾠdifferences	 ﾠ
between	 ﾠ southern	 ﾠ and	 ﾠ northern	 ﾠ watersheds	 ﾠ regarding	 ﾠ the	 ﾠ time	 ﾠ of	 ﾠ
deforestation.	 ﾠThe	 ﾠcommunity	 ﾠperception	 ﾠindicated	 ﾠthe	 ﾠrelationship	 ﾠof	 ﾠforest	 ﾠ
cover	 ﾠ change	 ﾠ and	 ﾠ flow	 ﾠ regime	 ﾠ was	 ﾠ more	 ﾠ complex	 ﾠ than	 ﾠ just	 ﾠ deforestation	 ﾠ
causing	 ﾠ loss	 ﾠ of	 ﾠ dry	 ﾠ season	 ﾠ flow.	 ﾠ According	 ﾠ to	 ﾠ the	 ﾠ elders,	 ﾠ forest	 ﾠ and	 ﾠ flow	 ﾠ
relationships	 ﾠwere	 ﾠwatershed	 ﾠspecific,	 ﾠeven	 ﾠsub-ﾭ‐watershed	 ﾠspecific.	 ﾠThe	 ﾠlack	 ﾠ
of	 ﾠa	 ﾠclear	 ﾠrelationship	 ﾠbetween	 ﾠforest	 ﾠcover	 ﾠchange	 ﾠand	 ﾠflow	 ﾠregime	 ﾠin	 ﾠthe	 ﾠ
temporal	 ﾠ dimension	 ﾠ could	 ﾠ be	 ﾠ attributed	 ﾠ to	 ﾠ the	 ﾠ scale	 ﾠ of	 ﾠ watersheds,	 ﾠ
uncertainty	 ﾠ about	 ﾠ the	 ﾠ measurement	 ﾠ of	 ﾠ flow	 ﾠ extremes,	 ﾠ and	 ﾠ the	 ﾠ impact	 ﾠ of	 ﾠ
variability	 ﾠin	 ﾠrainfall	 ﾠwithin	 ﾠthe	 ﾠregion.	 ﾠ
The	 ﾠwatershed-ﾭ‐specific	 ﾠnature	 ﾠof	 ﾠthe	 ﾠrelationship	 ﾠbetween	 ﾠforest	 ﾠand	 ﾠflow	 ﾠ
within	 ﾠthe	 ﾠBasin,	 ﾠconfirmed	 ﾠby	 ﾠthe	 ﾠcommunity	 ﾠperception,	 ﾠindicates	 ﾠforest	 ﾠ
hydrology	 ﾠ studies	 ﾠ should	 ﾠ be	 ﾠ tailored	 ﾠ to	 ﾠ watershed	 ﾠ scale,	 ﾠ or	 ﾠ even	 ﾠ sub-ﾭ‐
watershed	 ﾠ scale	 ﾠ i.	 ﾠ e.	 ﾠ hill-ﾭ‐slope	 ﾠ scale,	 ﾠ and	 ﾠ address	 ﾠ the	 ﾠ relevance	 ﾠ of	 ﾠ water	 ﾠ
availability	 ﾠat	 ﾠfarm	 ﾠand	 ﾠriver	 ﾠscale.	 ﾠ
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1  Introduction 
1.1  Blue Nile Basin  
The	 ﾠ2	 ﾠ×	 ﾠ105	 ﾠkm2	 ﾠBlue	 ﾠNile	 ﾠBasin	 ﾠ(BNB)	 ﾠis	 ﾠlocated	 ﾠin	 ﾠthe	 ﾠeastern	 ﾠpart	 ﾠof	 ﾠ
the	 ﾠNile	 ﾠBasin	 ﾠthat	 ﾠflows	 ﾠfrom	 ﾠthe	 ﾠEthiopian	 ﾠhighlands	 ﾠto	 ﾠthe	 ﾠborder	 ﾠ
between	 ﾠEthiopia	 ﾠand	 ﾠSudan	 ﾠ(Figure	 ﾠ1).	 ﾠThe	 ﾠBNB	 ﾠcomprises	 ﾠ7%	 ﾠof	 ﾠthe	 ﾠ
Nile	 ﾠBasin	 ﾠarea,	 ﾠbut	 ﾠcontributes	 ﾠ62%	 ﾠof	 ﾠthe	 ﾠNile	 ﾠwater	 ﾠat	 ﾠAswan,	 ﾠEgypt.	 ﾠ
In	 ﾠabsolute	 ﾠterms,	 ﾠthis	 ﾠis	 ﾠ51	 ﾠG	 ﾠm3	 ﾠyr-ﾭ‐1	 ﾠat	 ﾠthe	 ﾠoutlet	 ﾠto	 ﾠSudan	 ﾠ(Ministry	 ﾠof	 ﾠ
Water	 ﾠResources,	 ﾠ1999)	 ﾠthat	 ﾠresults	 ﾠfrom	 ﾠan	 ﾠannual	 ﾠrainfall	 ﾠranging	 ﾠ
from	 ﾠ800	 ﾠto	 ﾠ2200	 ﾠmm	 ﾠwithin	 ﾠthe	 ﾠBNB.	 ﾠDespite	 ﾠthis	 ﾠcontribution	 ﾠto	 ﾠthe	 ﾠ
Nile	 ﾠand	 ﾠthe	 ﾠabundant	 ﾠrainfall,	 ﾠthere	 ﾠis	 ﾠa	 ﾠprolonged	 ﾠdry	 ﾠperiod	 ﾠat	 ﾠthe	 ﾠ
headwaters	 ﾠ of	 ﾠ the	 ﾠ BNB	 ﾠ from	 ﾠ October	 ﾠ to	 ﾠ May.	 ﾠ Due	 ﾠ to	 ﾠ this	 ﾠ long	 ﾠ dry	 ﾠ
season	 ﾠ and	 ﾠ higher	 ﾠ evapotranspiration	 ﾠ rates	 ﾠ than	 ﾠ in	 ﾠ other	 ﾠ regions,	 ﾠ
water	 ﾠ availability	 ﾠ with	 ﾠ the	 ﾠ BNB	 ﾠ has	 ﾠ become	 ﾠ an	 ﾠ important	 ﾠ issue	 ﾠ
(Mohamed	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠ
The	 ﾠBNB	 ﾠhas	 ﾠbeen	 ﾠthe	 ﾠfocus	 ﾠof	 ﾠtransboundary	 ﾠnegotiation,	 ﾠand	 ﾠthe	 ﾠ
basin	 ﾠis	 ﾠthe	 ﾠmain	 ﾠsource	 ﾠof	 ﾠlivelihood	 ﾠfor	 ﾠ80%	 ﾠof	 ﾠthe	 ﾠpopulation;	 ﾠwhich	 ﾠ
was	 ﾠca	 ﾠ20	 ﾠmillion	 ﾠpeople	 ﾠduring	 ﾠ2007	 ﾠ(Population	 ﾠCensus	 ﾠCommission,	 ﾠ
2008).	 ﾠ The	 ﾠ water	 ﾠ flow	 ﾠ during	 ﾠ the	 ﾠ dry	 ﾠ season	 ﾠ flow	 ﾠ is	 ﾠ a	 ﾠ critical	 ﾠ
constraint	 ﾠfor	 ﾠboth	 ﾠwater	 ﾠsupply	 ﾠand	 ﾠsubsistence	 ﾠagriculture	 ﾠfor	 ﾠthe	 ﾠ
fast	 ﾠ growing	 ﾠ population.	 ﾠ During	 ﾠ the	 ﾠ rainy	 ﾠ period	 ﾠ (June-ﾭ‐September,	 ﾠ
kiremt	 ﾠin	 ﾠthe	 ﾠlocal	 ﾠlanguage),	 ﾠsoil	 ﾠerosion	 ﾠis	 ﾠa	 ﾠproblem	 ﾠdue	 ﾠto	 ﾠof	 ﾠthe	 ﾠ
steep	 ﾠslopes	 ﾠand	 ﾠhigh	 ﾠintensity	 ﾠof	 ﾠrainfall	 ﾠ(Gete,	 ﾠ2000).	 ﾠAnnual	 ﾠsoil	 ﾠloss	 ﾠ
in	 ﾠthe	 ﾠhighlands	 ﾠof	 ﾠthe	 ﾠcountry	 ﾠis	 ﾠestimated	 ﾠas	 ﾠca	 ﾠ32	 ﾠtonnes	 ﾠha-ﾭ‐1	 ﾠyr-ﾭ‐1	 ﾠ
(Berry,	 ﾠ2003).	 ﾠDeforestation	 ﾠis	 ﾠpopularly	 ﾠbelieved	 ﾠto	 ﾠhave	 ﾠcontributed	 ﾠ
to	 ﾠ soil	 ﾠ erosion	 ﾠ and	 ﾠ diminishing	 ﾠ dry	 ﾠ season	 ﾠ flows	 ﾠ (low	 ﾠ flows).	 ﾠ Even	 ﾠ
though	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠdeforestation	 ﾠon	 ﾠsoil	 ﾠerosion	 ﾠis	 ﾠwell	 ﾠdocumented,	 ﾠ
there	 ﾠis	 ﾠno	 ﾠscientific	 ﾠconsensus	 ﾠabout	 ﾠthe	 ﾠinfluence	 ﾠof	 ﾠforests	 ﾠon	 ﾠlow	 ﾠ
flow	 ﾠduring	 ﾠthe	 ﾠdry	 ﾠseason.	 ﾠHowever,	 ﾠthe	 ﾠpopular	 ﾠview	 ﾠin	 ﾠthe	 ﾠcountry	 ﾠ	 ﾠ 12	 ﾠ
is	 ﾠthat	 ﾠdeforestation	 ﾠexacerbates	 ﾠthe	 ﾠreduction	 ﾠof	 ﾠlow	 ﾠflow	 ﾠand	 ﾠwater	 ﾠ
scarcity	 ﾠin	 ﾠthe	 ﾠdry	 ﾠseason.	 ﾠIn	 ﾠsome	 ﾠcases,	 ﾠpopular	 ﾠviews	 ﾠare	 ﾠthe	 ﾠbasis	 ﾠof	 ﾠ
the	 ﾠregion’s	 ﾠintegrated	 ﾠwater	 ﾠresource	 ﾠmanagement	 ﾠplan	 ﾠ(Ministry	 ﾠof	 ﾠ
Water	 ﾠResources,	 ﾠ2001).	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ
Figure	 ﾠ1.	 ﾠLocation	 ﾠof	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠBasin	 ﾠ(BNB:	 ﾠmiddle)	 ﾠindicated	 ﾠin	 ﾠthe	 ﾠNile	 ﾠBasin	 ﾠ(top	 ﾠ
left)	 ﾠand	 ﾠin	 ﾠEthiopia	 ﾠ(top	 ﾠright).	 ﾠ	 ﾠ
1.2  River flow, forest and community perception 
The	 ﾠinteraction	 ﾠbetween	 ﾠforests	 ﾠand	 ﾠthe	 ﾠhydrological	 ﾠcycle	 ﾠis	 ﾠa	 ﾠtopic	 ﾠof	 ﾠ
lively	 ﾠdebate,	 ﾠnot	 ﾠleast	 ﾠin	 ﾠtropical	 ﾠareas	 ﾠ(Andreassian,	 ﾠ2004).	 ﾠThe	 ﾠscale	 ﾠ
of	 ﾠ watersheds,	 ﾠ variable	 ﾠ rainfall,	 ﾠ differences	 ﾠ in	 ﾠ geology,	 ﾠ soil	 ﾠ and	 ﾠ
vegetation	 ﾠtypes	 ﾠare	 ﾠthe	 ﾠmain	 ﾠfactors	 ﾠcontributing	 ﾠto	 ﾠthe	 ﾠcomplexity	 ﾠof	 ﾠ
this	 ﾠinteraction.	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠnatural	 ﾠphenomena,	 ﾠthe	 ﾠdifference	 ﾠin	 ﾠ
forest	 ﾠ management	 ﾠ and	 ﾠ land	 ﾠ use	 ﾠ history	 ﾠ adds	 ﾠ a	 ﾠ dimension	 ﾠ to	 ﾠ the	 ﾠ
unresolved	 ﾠequation	 ﾠof	 ﾠthe	 ﾠcomplexities	 ﾠof	 ﾠtropical	 ﾠforest	 ﾠhydrology.	 ﾠ	 ﾠ	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There	 ﾠare	 ﾠmany	 ﾠstudies	 ﾠand	 ﾠreviews	 ﾠattempting	 ﾠto	 ﾠunderstand	 ﾠthe	 ﾠ
relationship	 ﾠbetween	 ﾠforest	 ﾠand	 ﾠhydrological	 ﾠchanges	 ﾠincluding,	 ﾠBosch	 ﾠ
and	 ﾠ Hewlett	 ﾠ (1982),	 ﾠ Bruijnzeel	 ﾠ (1993),	 ﾠ McCulloch	 ﾠ and	 ﾠ Robinson	 ﾠ
(1993),	 ﾠ Andreassian	 ﾠ (2004),	 ﾠ and	 ﾠ Bruijnzeel	 ﾠ (2004).	 ﾠ A	 ﾠ common	 ﾠ
conclusion	 ﾠis	 ﾠthat	 ﾠin	 ﾠmost	 ﾠcases	 ﾠ(both	 ﾠin	 ﾠtemperate	 ﾠand	 ﾠtropical	 ﾠareas),	 ﾠ
there	 ﾠis	 ﾠa	 ﾠshort	 ﾠperiod	 ﾠof	 ﾠincreased	 ﾠwater	 ﾠyield	 ﾠafter	 ﾠforest	 ﾠharvest,	 ﾠand	 ﾠ
the	 ﾠ impact	 ﾠ becomes	 ﾠ variable	 ﾠ with	 ﾠ time	 ﾠ after	 ﾠ forest	 ﾠ harvest.	 ﾠ The	 ﾠ
increment	 ﾠin	 ﾠwater	 ﾠyield	 ﾠmay	 ﾠnot	 ﾠoccur	 ﾠwhen	 ﾠforest	 ﾠchange	 ﾠis	 ﾠdifferent	 ﾠ
to	 ﾠ clear	 ﾠ cutting	 ﾠ (forest	 ﾠ harvest).	 ﾠ The	 ﾠ attempt	 ﾠ to	 ﾠ relate	 ﾠ a	 ﾠ change	 ﾠ in	 ﾠ
forest	 ﾠcover	 ﾠto	 ﾠtotal	 ﾠflow	 ﾠand	 ﾠhigh	 ﾠflow	 ﾠis	 ﾠnot	 ﾠvalid	 ﾠfor	 ﾠthe	 ﾠlow	 ﾠflow	 ﾠpart	 ﾠ
of	 ﾠthe	 ﾠhydrological	 ﾠregime	 ﾠ(Calder,	 ﾠ2003),	 ﾠas	 ﾠan	 ﾠincreased	 ﾠhigh	 ﾠflow	 ﾠ
does	 ﾠnot	 ﾠnecessarily	 ﾠresult	 ﾠin	 ﾠa	 ﾠdecreased	 ﾠlow	 ﾠflow	 ﾠ(Bruijnzeel,	 ﾠ2004).	 ﾠ
The	 ﾠ influence	 ﾠ of	 ﾠ forest	 ﾠ on	 ﾠ the	 ﾠ low	 ﾠ flow	 ﾠ hydrology	 ﾠ is	 ﾠ not	 ﾠ as	 ﾠ well	 ﾠ
understood	 ﾠas	 ﾠthe	 ﾠinfluence	 ﾠof	 ﾠforest	 ﾠon	 ﾠhigh	 ﾠflow	 ﾠ(Smahktin,	 ﾠ2001;	 ﾠ
Sikka	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠForests	 ﾠand	 ﾠassociated	 ﾠhydrological	 ﾠchanges	 ﾠare	 ﾠone	 ﾠ
of	 ﾠthe	 ﾠmain	 ﾠissues	 ﾠin	 ﾠlow	 ﾠflow	 ﾠhydrological	 ﾠresearch	 ﾠand	 ﾠlow	 ﾠflow	 ﾠis	 ﾠa	 ﾠ
key	 ﾠtopic	 ﾠof	 ﾠforest	 ﾠhydrology	 ﾠresearch	 ﾠdue	 ﾠto	 ﾠexisting	 ﾠand	 ﾠpredicted	 ﾠ
climate	 ﾠchange,	 ﾠlivestock	 ﾠand	 ﾠhuman	 ﾠpopulation	 ﾠgrowth,	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠ
development	 ﾠof	 ﾠwater	 ﾠresources	 ﾠinvestments.	 ﾠIn	 ﾠaddition,	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠ
climate	 ﾠand	 ﾠland	 ﾠuse	 ﾠbecomes	 ﾠmixed	 ﾠin	 ﾠmeso-ﾭ‐scale	 ﾠwatersheds,	 ﾠand	 ﾠ
climate	 ﾠimpact	 ﾠcould	 ﾠoutweigh	 ﾠland	 ﾠuse	 ﾠimpact	 ﾠ in	 ﾠ larger	 ﾠ(>	 ﾠ10	 ﾠ000	 ﾠ
km2)	 ﾠbasins	 ﾠ(Blöschl	 ﾠet	 ﾠal.,	 ﾠ2007;	 ﾠWei	 ﾠand	 ﾠZhang,	 ﾠ2010;	 ﾠEllison	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ
There	 ﾠare	 ﾠdiscrepancies	 ﾠbetween	 ﾠpopular	 ﾠand	 ﾠscientific	 ﾠviews	 ﾠabout	 ﾠ
the	 ﾠ influence	 ﾠ of	 ﾠ forests	 ﾠ on	 ﾠ hydrology.	 ﾠ The	 ﾠ popular	 ﾠ view	 ﾠ idealizes	 ﾠ
forests	 ﾠas	 ﾠalways	 ﾠbeing	 ﾠpositive	 ﾠfor	 ﾠthe	 ﾠflow	 ﾠregime,	 ﾠas	 ﾠforests	 ﾠincrease	 ﾠ
precipitation,	 ﾠ regulate	 ﾠ extreme	 ﾠ flows,	 ﾠ increase	 ﾠ low	 ﾠ flow,	 ﾠ decrease	 ﾠ
flooding,	 ﾠ and	 ﾠ reduce	 ﾠ erosion.	 ﾠ However,	 ﾠ scientific	 ﾠ studies	 ﾠ present	 ﾠ
contradictory	 ﾠresults	 ﾠconcerning	 ﾠthe	 ﾠrelation	 ﾠbetween	 ﾠhydrology	 ﾠand	 ﾠ
forests	 ﾠ(Hibbert,	 ﾠ1967;	 ﾠCalder,	 ﾠ2002).	 ﾠAlthough	 ﾠthe	 ﾠoptimistic	 ﾠpopular	 ﾠ
view	 ﾠ is	 ﾠ considered	 ﾠ a	 ﾠ myth	 ﾠ rather	 ﾠ than	 ﾠ a	 ﾠ reality	 ﾠ by	 ﾠ some	 ﾠ scholars	 ﾠ
(Calder,	 ﾠ 2002),	 ﾠ local	 ﾠ community	 ﾠ perception,	 ﾠ obtained	 ﾠ from	 ﾠ people	 ﾠ
living	 ﾠin	 ﾠor	 ﾠclose	 ﾠto	 ﾠan	 ﾠarea	 ﾠof	 ﾠconcern,	 ﾠcould	 ﾠbe	 ﾠa	 ﾠvaluable	 ﾠcomplement	 ﾠ
to	 ﾠscientific	 ﾠfindings	 ﾠ(Gebrehiwot	 ﾠet	 ﾠal.	 ﾠ2010).	 ﾠCommunity	 ﾠperception	 ﾠ
is	 ﾠqualitative	 ﾠdata	 ﾠthat	 ﾠrequires	 ﾠqualitative	 ﾠanalytical	 ﾠmethods.	 ﾠLocal	 ﾠ
community	 ﾠ perception	 ﾠ provides	 ﾠ firsthand	 ﾠ information	 ﾠ from	 ﾠ the	 ﾠ
community’s	 ﾠ experience	 ﾠ and	 ﾠ knowledge	 ﾠ that	 ﾠ could	 ﾠ ‘fill	 ﾠ gaps’	 ﾠ in	 ﾠ
understanding	 ﾠthe	 ﾠrelationship	 ﾠbetween	 ﾠforests	 ﾠand	 ﾠwater,	 ﾠespecially	 ﾠ
in	 ﾠdata	 ﾠpoor	 ﾠareas	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠBlue	 ﾠNile.	 ﾠIt	 ﾠshould	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠsome	 ﾠ	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scientific	 ﾠresults	 ﾠsupport	 ﾠthe	 ﾠoptimistic	 ﾠpopular	 ﾠviews,	 ﾠin	 ﾠsome	 ﾠcases	 ﾠ
(Bruijnzeel,	 ﾠ2004).	 ﾠ	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2  Objectives 
The	 ﾠmain	 ﾠobjective	 ﾠof	 ﾠthis	 ﾠstudy	 ﾠwas	 ﾠto	 ﾠassess	 ﾠand	 ﾠanalyze	 ﾠchanges	 ﾠin	 ﾠ
the	 ﾠhydrological	 ﾠregimes	 ﾠand	 ﾠforest	 ﾠcover	 ﾠin	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠBasin	 ﾠover	 ﾠ
half	 ﾠa	 ﾠcentury	 ﾠand	 ﾠto	 ﾠexamine	 ﾠany	 ﾠrelationships	 ﾠbetween	 ﾠthe	 ﾠchanges.	 ﾠ
The	 ﾠspecific	 ﾠobjectives	 ﾠwere:	 ﾠ	 ﾠ
	 ﾠ
  To	 ﾠ analyze	 ﾠ the	 ﾠ spatial	 ﾠ relationship	 ﾠ between	 ﾠ watershed	 ﾠ
characteristics	 ﾠ(including	 ﾠland	 ﾠuse)	 ﾠand	 ﾠhydrological	 ﾠregime	 ﾠ	 ﾠ
  To	 ﾠdetect	 ﾠand	 ﾠquantify	 ﾠany	 ﾠhydrological	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠlast	 ﾠhalf	 ﾠ
a	 ﾠcentury	 ﾠin	 ﾠthe	 ﾠBNB	 ﾠ
  To	 ﾠ quantify	 ﾠ land	 ﾠ cover	 ﾠ and	 ﾠ especially	 ﾠ forest	 ﾠ changes	 ﾠ during	 ﾠ
1957-ﾭ‐–2001	 ﾠin	 ﾠthe	 ﾠBNB	 ﾠ
  To	 ﾠdocument	 ﾠthe	 ﾠperception	 ﾠof	 ﾠlocal	 ﾠcommunities	 ﾠregarding	 ﾠthe	 ﾠ
relationships	 ﾠbetween	 ﾠforest	 ﾠcover	 ﾠand	 ﾠflows,	 ﾠand	 ﾠ
  To	 ﾠ provide	 ﾠ empirical	 ﾠ evidence	 ﾠ of	 ﾠ the	 ﾠ relationships	 ﾠ between	 ﾠ
forests	 ﾠand	 ﾠhydrological	 ﾠregimes,	 ﾠwith	 ﾠa	 ﾠspecial	 ﾠfocus	 ﾠon	 ﾠthe	 ﾠ
low	 ﾠflow	 ﾠregime,	 ﾠin	 ﾠthe	 ﾠBNB.	 ﾠ	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3  Background  
3.1  The influence of watershed characteristics on the runoff 
regime (Paper I)  
Watershed	 ﾠcharacteristics	 ﾠcan	 ﾠcontribute	 ﾠto	 ﾠdifferences	 ﾠin	 ﾠhydrological	 ﾠ
response.	 ﾠ Specific	 ﾠ characteristics	 ﾠ such	 ﾠ as	 ﾠ soil	 ﾠ properties,	 ﾠ geology,	 ﾠ
watershed	 ﾠsize,	 ﾠlocal	 ﾠclimate,	 ﾠtopography,	 ﾠanthropogenic	 ﾠactivity	 ﾠand	 ﾠ
vegetation	 ﾠ cover	 ﾠ are	 ﾠ some	 ﾠ characteristics	 ﾠ affecting	 ﾠ the	 ﾠ hydrological	 ﾠ
regime	 ﾠ (Black,	 ﾠ 1997;	 ﾠ Uhlenbrook,	 ﾠ 2003;	 ﾠ Sivapalan,	 ﾠ 2005).	 ﾠ The	 ﾠ
characterization	 ﾠ of	 ﾠ watersheds,	 ﾠ based	 ﾠ on	 ﾠ the	 ﾠ most	 ﾠ important	 ﾠ
characteristics	 ﾠprovides	 ﾠa	 ﾠbasis	 ﾠfor	 ﾠland	 ﾠmanagement	 ﾠplanning	 ﾠand	 ﾠfor	 ﾠ
developing	 ﾠ and	 ﾠ securing	 ﾠ water	 ﾠ resources	 ﾠ (Saxena	 ﾠ et	 ﾠ al.,	 ﾠ 2000;	 ﾠ
McDonnell	 ﾠ et	 ﾠ al.,	 ﾠ 2007).	 ﾠ Moreover,	 ﾠ the	 ﾠ identification	 ﾠ of	 ﾠ watershed	 ﾠ
characteristics	 ﾠand	 ﾠtheir	 ﾠinfluence	 ﾠon	 ﾠthe	 ﾠhydrological	 ﾠregime	 ﾠhelps	 ﾠto	 ﾠ
define	 ﾠ whether	 ﾠ the	 ﾠ type	 ﾠ of	 ﾠ land	 ﾠ use,	 ﾠ especially	 ﾠ forest	 ﾠ cover,	 ﾠ is	 ﾠ
positively	 ﾠor	 ﾠnegatively	 ﾠrelated	 ﾠto	 ﾠa	 ﾠspecific	 ﾠhydrological	 ﾠvariable,	 ﾠsuch	 ﾠ
as	 ﾠtotal	 ﾠflow,	 ﾠhigh	 ﾠflow,	 ﾠlow	 ﾠflow	 ﾠor	 ﾠrunoff	 ﾠcoefficients.	 ﾠ
The	 ﾠcharacterization	 ﾠof	 ﾠthe	 ﾠhydrological	 ﾠresponse	 ﾠof	 ﾠwatersheds	 ﾠis	 ﾠ
crucial	 ﾠin	 ﾠareas	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠwhere	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠland	 ﾠuse	 ﾠon	 ﾠ
different	 ﾠflow	 ﾠregimes	 ﾠare	 ﾠunclear.	 ﾠ	 ﾠHowever,	 ﾠthe	 ﾠspatial	 ﾠdifferences	 ﾠof	 ﾠ
land	 ﾠ use	 ﾠ and	 ﾠ other	 ﾠ characteristics	 ﾠ of	 ﾠ watersheds	 ﾠ related	 ﾠ to	 ﾠ water	 ﾠ
scarcity	 ﾠare	 ﾠnot	 ﾠwell	 ﾠcharacterized	 ﾠin	 ﾠthe	 ﾠBNB.	 ﾠThe	 ﾠspatial	 ﾠdifference	 ﾠin	 ﾠ
specific	 ﾠwatershed	 ﾠcharacteristics	 ﾠinfluencing	 ﾠthe	 ﾠhydrological	 ﾠregime	 ﾠ
of	 ﾠthe	 ﾠBasin	 ﾠwere	 ﾠinvestigated	 ﾠthrough	 ﾠfour	 ﾠyears	 ﾠ(1960−1963)	 ﾠof	 ﾠdata	 ﾠ
from	 ﾠ32	 ﾠgauged	 ﾠstations	 ﾠ(Paper	 ﾠI).	 ﾠ	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3.2  Half a century of river flow in the BNB (Papers II and III) 
The	 ﾠhistorical	 ﾠdynamics	 ﾠof	 ﾠriver	 ﾠflow	 ﾠare	 ﾠvaluable	 ﾠfor	 ﾠwater	 ﾠresource	 ﾠ
planning.	 ﾠThe	 ﾠpotential	 ﾠfor	 ﾠirrigation	 ﾠand	 ﾠwater	 ﾠsupply,	 ﾠdesign	 ﾠof	 ﾠwater	 ﾠ
engineering	 ﾠ structures	 ﾠ and	 ﾠ watershed	 ﾠ development	 ﾠ programs	 ﾠ are	 ﾠ
based	 ﾠon	 ﾠpast	 ﾠpatterns	 ﾠof	 ﾠhydrological	 ﾠand	 ﾠmeteorological	 ﾠparameters	 ﾠ
(Kundzewicz,	 ﾠ2004).	 ﾠThe	 ﾠknowledge	 ﾠabout	 ﾠhistorical	 ﾠflow	 ﾠregimes	 ﾠis	 ﾠ
increasingly	 ﾠ critical	 ﾠdue	 ﾠto	 ﾠincreasing	 ﾠwatershed	 ﾠchanges	 ﾠassociated	 ﾠ
with	 ﾠland	 ﾠuse,	 ﾠsoil	 ﾠand	 ﾠclimate	 ﾠ(Hamed,	 ﾠ2008).	 ﾠThe	 ﾠBlue	 ﾠNile	 ﾠBasin	 ﾠis	 ﾠ
characterized	 ﾠby	 ﾠsevere	 ﾠsoil	 ﾠdegradation	 ﾠover	 ﾠmany	 ﾠdecades,	 ﾠand	 ﾠthis	 ﾠ
degradation	 ﾠhas	 ﾠa	 ﾠmajor	 ﾠimpact	 ﾠon	 ﾠthe	 ﾠwater	 ﾠresources	 ﾠof	 ﾠthe	 ﾠregion	 ﾠ
(Gete	 ﾠand	 ﾠHurni,	 ﾠ2001).	 ﾠThe	 ﾠlivelihood	 ﾠof	 ﾠthe	 ﾠpeople	 ﾠin	 ﾠthe	 ﾠregion	 ﾠis	 ﾠ
dependent	 ﾠ on	 ﾠ rain-ﾭ‐fed	 ﾠ agriculture,	 ﾠ which	 ﾠ is	 ﾠ sensitive	 ﾠ to	 ﾠ changes.	 ﾠ
Therefore,	 ﾠhistorical	 ﾠhydrological	 ﾠrecords	 ﾠand	 ﾠthe	 ﾠdetection	 ﾠof	 ﾠpossible	 ﾠ
changes	 ﾠfurther	 ﾠhelp	 ﾠfor	 ﾠunderstanding	 ﾠof	 ﾠhow	 ﾠthe	 ﾠlivelihood	 ﾠof	 ﾠthe	 ﾠ
population	 ﾠcould	 ﾠbe	 ﾠaffected	 ﾠby	 ﾠincreased	 ﾠwater	 ﾠscarcity.	 ﾠThe	 ﾠextent	 ﾠof	 ﾠ
the	 ﾠchange	 ﾠin	 ﾠdifferent	 ﾠparts	 ﾠof	 ﾠthe	 ﾠhydrological	 ﾠregime	 ﾠ(total	 ﾠannual	 ﾠ
flow,	 ﾠ high	 ﾠ flow,	 ﾠ low	 ﾠ flow	 ﾠ and	 ﾠ low	 ﾠ flow	 ﾠ index)	 ﾠ over	 ﾠ the	 ﾠ last	 ﾠ half	 ﾠ a	 ﾠ
century	 ﾠwas	 ﾠinvestigated	 ﾠthrough	 ﾠa	 ﾠstatistical	 ﾠapproach	 ﾠ(Paper	 ﾠII).	 ﾠ	 ﾠ
Any	 ﾠ impact	 ﾠ on	 ﾠ water	 ﾠ resources	 ﾠ is	 ﾠ crucial	 ﾠ in	 ﾠ a	 ﾠ region	 ﾠ where	 ﾠ the	 ﾠ
livelihood	 ﾠof	 ﾠthe	 ﾠpeople	 ﾠis	 ﾠvulnerable	 ﾠto	 ﾠwater	 ﾠavailability.	 ﾠThus,	 ﾠthe	 ﾠ
extent	 ﾠof	 ﾠchange	 ﾠwithin	 ﾠthe	 ﾠhydrological	 ﾠregime	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠattributed	 ﾠ
to	 ﾠthe	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠcharacteristics	 ﾠof	 ﾠwatersheds	 ﾠis	 ﾠof	 ﾠrelevance	 ﾠfor	 ﾠ
sustainable	 ﾠland	 ﾠmanagement	 ﾠand	 ﾠadaptation	 ﾠto	 ﾠclimatic	 ﾠchange	 ﾠwithin	 ﾠ
the	 ﾠ BNB.	 ﾠ Models	 ﾠ are	 ﾠ appropriate	 ﾠ tools	 ﾠ for	 ﾠ learning	 ﾠ how	 ﾠ changes	 ﾠ in	 ﾠ
watershed	 ﾠcharacteristics	 ﾠare	 ﾠrelated	 ﾠto	 ﾠvariability	 ﾠin	 ﾠthe	 ﾠhydrological	 ﾠ
regime.	 ﾠ Through	 ﾠ a	 ﾠ modelling	 ﾠ approach,	 ﾠ model	 ﾠ parameters,	 ﾠ model	 ﾠ
residuals	 ﾠ and	 ﾠ runoff	 ﾠ simulations	 ﾠ that	 ﾠ could	 ﾠ imply	 ﾠ changes	 ﾠ in	 ﾠ a	 ﾠ
hydrological	 ﾠ regime	 ﾠ and	 ﾠ watershed	 ﾠ characteristics	 ﾠ were	 ﾠ used	 ﾠ to	 ﾠ
identify	 ﾠhydrological	 ﾠchange	 ﾠwithin	 ﾠthe	 ﾠBNB	 ﾠ(Paper	 ﾠIII).	 ﾠ	 ﾠ
3.3  Forest cover change in the BNB between 1957 and 2001 
(Paper IV) 
A	 ﾠ change	 ﾠ in	 ﾠ forest	 ﾠ cover	 ﾠ is	 ﾠ the	 ﾠ focus	 ﾠ of	 ﾠ land	 ﾠ cover	 ﾠ changes	 ﾠ in	 ﾠ the	 ﾠ
tropics	 ﾠ(Giambelluca,	 ﾠ2002).	 ﾠTropical	 ﾠdeforestation	 ﾠcontributes	 ﾠto	 ﾠloss	 ﾠ
of	 ﾠ biodiversity,	 ﾠ carbon	 ﾠ emission,	 ﾠ climate	 ﾠ change,	 ﾠ soil	 ﾠ degradation,	 ﾠ
cultural	 ﾠshifts	 ﾠand	 ﾠdisturbances	 ﾠof	 ﾠwater	 ﾠresources	 ﾠ(Laurance,	 ﾠ1999).	 ﾠ
Deforestation	 ﾠassociated	 ﾠwith	 ﾠchanges	 ﾠin	 ﾠsoil	 ﾠresources	 ﾠinfluences	 ﾠthe	 ﾠ
relationship	 ﾠbetween	 ﾠforest	 ﾠchange	 ﾠand	 ﾠthe	 ﾠwater	 ﾠregime	 ﾠ(Bruijnzeel,	 ﾠ	 ﾠ 18	 ﾠ
2004);	 ﾠ thus,	 ﾠ forest	 ﾠ change	 ﾠ studies	 ﾠ are	 ﾠ an	 ﾠ important	 ﾠ basis	 ﾠ for	 ﾠ the	 ﾠ
assessment	 ﾠof	 ﾠnatural	 ﾠresources,	 ﾠincluding	 ﾠwater,	 ﾠin	 ﾠtropical	 ﾠareas.	 ﾠ	 ﾠ
Deforestation	 ﾠ is	 ﾠ assumed	 ﾠ the	 ﾠ main	 ﾠ cause	 ﾠ of	 ﾠ the	 ﾠ soil	 ﾠ and	 ﾠ water	 ﾠ
degradation	 ﾠin	 ﾠEthiopia,	 ﾠincluding	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠBasin.	 ﾠHistorically,	 ﾠthe	 ﾠ
general	 ﾠtrend	 ﾠof	 ﾠdeforestation	 ﾠwas	 ﾠthat	 ﾠforests	 ﾠin	 ﾠthe	 ﾠnorthern	 ﾠpart	 ﾠof	 ﾠ
the	 ﾠcountry/Basin	 ﾠwere	 ﾠdeforested	 ﾠearlier	 ﾠthan	 ﾠin	 ﾠthe	 ﾠsouthern	 ﾠpart.	 ﾠ
Even	 ﾠthough	 ﾠdeforestation	 ﾠis	 ﾠa	 ﾠcommon	 ﾠphenomenon,	 ﾠthe	 ﾠgains	 ﾠand	 ﾠ
losses	 ﾠto	 ﾠspecific	 ﾠareas	 ﾠvary	 ﾠ(Bewket,	 ﾠ2002;	 ﾠFAO,	 ﾠ2010;	 ﾠGebrehiwot	 ﾠet	 ﾠ
al.,	 ﾠ 2010).	 ﾠ Therefore,	 ﾠ it	 ﾠ is	 ﾠ difficult	 ﾠ to	 ﾠ generalize	 ﾠ the	 ﾠ trend	 ﾠ of	 ﾠ
deforestation	 ﾠ or	 ﾠ forest	 ﾠ cover	 ﾠ change	 ﾠ in	 ﾠ the	 ﾠ Blue	 ﾠ Nile	 ﾠ Basin	 ﾠ without	 ﾠ
compiling	 ﾠspecific	 ﾠstudies.	 ﾠAs	 ﾠlittle	 ﾠquantitative	 ﾠinformation	 ﾠabout	 ﾠthe	 ﾠ
history	 ﾠof	 ﾠforest	 ﾠcover	 ﾠchanges	 ﾠfor	 ﾠspecific	 ﾠlandscapes	 ﾠand	 ﾠwatersheds	 ﾠ
are	 ﾠavailable,	 ﾠthe	 ﾠhistory	 ﾠof	 ﾠforest	 ﾠcover	 ﾠchange	 ﾠduring	 ﾠthe	 ﾠlast	 ﾠhalf	 ﾠ
century	 ﾠin	 ﾠthe	 ﾠBNB	 ﾠwas	 ﾠinvestigated	 ﾠ(Paper	 ﾠIV).	 ﾠ	 ﾠ
3.4  Community perception of forest and water interaction in 
the BNB (Paper V) 
Community	 ﾠperception	 ﾠrelates	 ﾠto	 ﾠthe	 ﾠknowledge	 ﾠof	 ﾠpeople	 ﾠwho	 ﾠlive	 ﾠin	 ﾠ
the	 ﾠimmediate	 ﾠsurroundings	 ﾠof	 ﾠa	 ﾠcertain	 ﾠnatural	 ﾠphenomenon.	 ﾠLocal	 ﾠ
community	 ﾠ perception	 ﾠ can	 ﾠ provide	 ﾠ information	 ﾠ from	 ﾠ community	 ﾠ
experience	 ﾠ that	 ﾠ fills	 ﾠ gaps	 ﾠ in	 ﾠ the	 ﾠ knowledge	 ﾠ obtained	 ﾠ from	 ﾠ
measurements	 ﾠand	 ﾠmodeling,	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠmonitoring	 ﾠof	 ﾠrain	 ﾠand	 ﾠwater	 ﾠ
flow.	 ﾠCommunity	 ﾠperception	 ﾠis	 ﾠdifferent	 ﾠfrom	 ﾠwhat	 ﾠis	 ﾠtermed	 ﾠpopular	 ﾠ
belief	 ﾠas	 ﾠthe	 ﾠlocal	 ﾠcommunity	 ﾠis	 ﾠthe	 ﾠdirect	 ﾠrecipient	 ﾠof	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠ
changes	 ﾠin	 ﾠnatural	 ﾠresources,	 ﾠsuch	 ﾠas	 ﾠchanges	 ﾠin	 ﾠforests	 ﾠand	 ﾠwaters.	 ﾠ
The	 ﾠ World	 ﾠ Wildlife	 ﾠ Fund	 ﾠ (WWF)	 ﾠ documents	 ﾠ the	 ﾠ accounts	 ﾠ of	 ﾠ local	 ﾠ
residents,	 ﾠfrom	 ﾠaround	 ﾠthe	 ﾠworld,	 ﾠon	 ﾠthe	 ﾠeffects	 ﾠof	 ﾠdifferent	 ﾠaspects	 ﾠof	 ﾠ
climate	 ﾠchange	 ﾠand	 ﾠrelated	 ﾠimpacts	 ﾠon	 ﾠtheir	 ﾠlocal	 ﾠenvironment	 ﾠ(WWF,	 ﾠ
2007).	 ﾠ The	 ﾠ witnesses	 ﾠ account	 ﾠ contains	 ﾠ statements	 ﾠ about	 ﾠ climate	 ﾠ
change	 ﾠthat	 ﾠsometimes	 ﾠagree	 ﾠor	 ﾠdisagree	 ﾠwith	 ﾠthe	 ﾠIPCC	 ﾠreport	 ﾠon	 ﾠthe	 ﾠ
climate	 ﾠchange.	 ﾠ
Information	 ﾠfrom	 ﾠcommunity	 ﾠperception	 ﾠmay	 ﾠbe	 ﾠparticularly	 ﾠuseful	 ﾠ
if	 ﾠthere	 ﾠis	 ﾠan	 ﾠunclear,	 ﾠscientific	 ﾠpicture	 ﾠof	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠforest	 ﾠcover	 ﾠ
change	 ﾠ on	 ﾠ the	 ﾠ hydrological	 ﾠ regime,	 ﾠ as	 ﾠ is	 ﾠ likely	 ﾠ in	 ﾠ the	 ﾠ case	 ﾠ of	 ﾠ the	 ﾠ
complex	 ﾠ tropical	 ﾠ forest	 ﾠ hydrology,	 ﾠ and	 ﾠ it	 ﾠ encompasses	 ﾠ the	 ﾠ human	 ﾠ
dimension,	 ﾠin	 ﾠaddition	 ﾠto	 ﾠclimate	 ﾠand	 ﾠland	 ﾠuse	 ﾠissues	 ﾠ(Bonnel,	 ﾠ1998).	 ﾠ
For	 ﾠexample,	 ﾠbased	 ﾠon	 ﾠcommunity	 ﾠperception,	 ﾠa	 ﾠwetland	 ﾠwas	 ﾠfound	 ﾠto	 ﾠ
mask	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠupland	 ﾠdeforestation	 ﾠin	 ﾠthe	 ﾠ260	 ﾠkm2	 ﾠKoga	 ﾠwatershed	 ﾠ
in	 ﾠthe	 ﾠBNB	 ﾠ(Gebrehiwot	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠIn	 ﾠKoga,	 ﾠa	 ﾠchange	 ﾠfrom	 ﾠ26	 ﾠto	 ﾠ2%	 ﾠ	 ﾠ 19	 ﾠ
forest	 ﾠ cover	 ﾠ in	 ﾠ the	 ﾠ upland	 ﾠ area	 ﾠ rendered	 ﾠ almost	 ﾠ no	 ﾠ change	 ﾠ on	 ﾠ the	 ﾠ
hydrological	 ﾠ regime,	 ﾠ as	 ﾠ measured	 ﾠ at	 ﾠ a	 ﾠ gauge	 ﾠ downstream	 ﾠ of	 ﾠ the	 ﾠ
wetland.	 ﾠ However,	 ﾠ the	 ﾠ community	 ﾠ living	 ﾠ upstream	 ﾠ of	 ﾠ the	 ﾠ wetland	 ﾠ
reported	 ﾠ hydrological	 ﾠ changes	 ﾠ associated	 ﾠ with	 ﾠ the	 ﾠ deforestation,	 ﾠ
whereas,	 ﾠthe	 ﾠdownstream	 ﾠcommunity	 ﾠdid	 ﾠnot.	 ﾠCommunity	 ﾠperception	 ﾠ
of	 ﾠfour	 ﾠdifferent	 ﾠwatersheds	 ﾠin	 ﾠthe	 ﾠBNB	 ﾠwas	 ﾠinvestigated	 ﾠto	 ﾠincrease	 ﾠthe	 ﾠ
knowledge	 ﾠof	 ﾠthe	 ﾠrelationship	 ﾠbetween	 ﾠforest	 ﾠand	 ﾠriver	 ﾠflow	 ﾠ(Paper	 ﾠV).	 ﾠ	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4  Methodology 
4.1  Paper I 
Hydrology,	 ﾠsoil,	 ﾠland	 ﾠuse,	 ﾠgeology,	 ﾠclimate	 ﾠand	 ﾠtopography	 ﾠdata	 ﾠfrom	 ﾠ
1960	 ﾠ to	 ﾠ 1963	 ﾠ for	 ﾠ 32	 ﾠ rivers	 ﾠ (watersheds)	 ﾠ were	 ﾠ used	 ﾠ for	 ﾠ the	 ﾠ spatial	 ﾠ
study	 ﾠ in	 ﾠ Paper	 ﾠ I.	 ﾠ The	 ﾠ data	 ﾠ were	 ﾠ extracted	 ﾠ from	 ﾠ the	 ﾠ US	 ﾠ Bureau	 ﾠ of	 ﾠ
Reclamation	 ﾠ(USBR)	 ﾠstudy	 ﾠof	 ﾠland	 ﾠand	 ﾠwater	 ﾠresources	 ﾠin	 ﾠthe	 ﾠBNB	 ﾠthat	 ﾠ
was	 ﾠconducted	 ﾠby	 ﾠwater	 ﾠengineers	 ﾠfrom	 ﾠUS	 ﾠand	 ﾠEthiopia	 ﾠduring	 ﾠ1958-ﾭ‐
1963	 ﾠ (US	 ﾠ Department	 ﾠ of	 ﾠ Interior,	 ﾠ 1964).	 ﾠ Five	 ﾠ hydrological	 ﾠ variables	 ﾠ
were	 ﾠ used:	 ﾠ annual	 ﾠ flow	 ﾠ (Qt	 ﾠ [mm	 ﾠ yr-ﾭ‐1]);	 ﾠ minimum	 ﾠ monthly	 ﾠ flow	 ﾠ (Ql	 ﾠ
[mm	 ﾠ yr-ﾭ‐1]);	 ﾠ maximum	 ﾠmonthly	 ﾠflow	 ﾠ(Qh	 ﾠ [mm	 ﾠ yr-ﾭ‐1]);	 ﾠ low	 ﾠ flow	 ﾠ index	 ﾠ
(LFI),	 ﾠthe	 ﾠratio	 ﾠof	 ﾠminimum	 ﾠflow	 ﾠto	 ﾠthe	 ﾠtotal	 ﾠflow	 ﾠfor	 ﾠthe	 ﾠyear;	 ﾠand,	 ﾠ
runoff	 ﾠcoefficient	 ﾠ(C),	 ﾠthe	 ﾠratio	 ﾠof	 ﾠtotal	 ﾠflow	 ﾠto	 ﾠrainfall.	 ﾠRainfall	 ﾠ(P	 ﾠ[mm	 ﾠ
yr-ﾭ‐1]),	 ﾠtemperature	 ﾠ(T	 ﾠ[°C	 ﾠday-ﾭ‐1],	 ﾠpotential	 ﾠevaporation	 ﾠ(ET	 ﾠ[mm	 ﾠday-ﾭ‐1]),	 ﾠ
latitude	 ﾠ (Lat	 ﾠ [degree-ﾭ‐decimal]),	 ﾠ longitude	 ﾠ (Long	 ﾠ [degree-ﾭ‐decimal]),	 ﾠ
area	 ﾠof	 ﾠthe	 ﾠwatersheds	 ﾠ(Area	 ﾠ[km2]),	 ﾠaverage	 ﾠelevation	 ﾠ(El	 ﾠ[m])	 ﾠand	 ﾠ
average	 ﾠ slope	 ﾠ class	 ﾠ (Slope	 ﾠ [%])	 ﾠ were	 ﾠ also	 ﾠ used.	 ﾠ In	 ﾠ addition,	 ﾠ nine	 ﾠ
different	 ﾠsoil	 ﾠtypes,	 ﾠfour	 ﾠdifferent	 ﾠgeological	 ﾠclasses,	 ﾠand	 ﾠnine	 ﾠdifferent	 ﾠ
land	 ﾠuse	 ﾠclasses	 ﾠwere	 ﾠextracted	 ﾠfrom	 ﾠmap	 ﾠand	 ﾠdescriptive	 ﾠinformation	 ﾠ
of	 ﾠthe	 ﾠUSBR	 ﾠdocument	 ﾠ(Paper	 ﾠI).	 ﾠ
Multivariate	 ﾠ analysis,	 ﾠ Principal	 ﾠ Component	 ﾠ Analysis	 ﾠ (PCA)	 ﾠ and	 ﾠ
Partial	 ﾠLeast	 ﾠSquare	 ﾠ(PLS)	 ﾠwere	 ﾠperformed	 ﾠon	 ﾠthe	 ﾠobservations	 ﾠfrom	 ﾠ
the	 ﾠ32	 ﾠwatersheds	 ﾠusing	 ﾠSIMCA	 ﾠ12.0.1	 ﾠ(Paper	 ﾠI)	 ﾠto	 ﾠidentify	 ﾠwatershed	 ﾠ
characteristics,	 ﾠincluding	 ﾠland	 ﾠuse,	 ﾠwhich	 ﾠbest	 ﾠdescribed	 ﾠthe	 ﾠvariability	 ﾠ
of	 ﾠthe	 ﾠhydrology.	 ﾠ	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4.2  Papers II and III 
Climate	 ﾠand	 ﾠhydrological	 ﾠdata	 ﾠfrom	 ﾠ1960	 ﾠto	 ﾠ2004	 ﾠwere	 ﾠused	 ﾠfor	 ﾠthe	 ﾠ
studies	 ﾠ in	 ﾠ Papers	 ﾠ II	 ﾠ and	 ﾠ III.	 ﾠ Rainfall	 ﾠ data	 ﾠ were	 ﾠ obtained	 ﾠ from	 ﾠ the	 ﾠ
National	 ﾠMeteorological	 ﾠAgency	 ﾠof	 ﾠEthiopia	 ﾠ (NAMSA)	 ﾠ for	 ﾠ 18	 ﾠ different	 ﾠ
stations	 ﾠ(Figure	 ﾠ2	 ﾠand	 ﾠTable	 ﾠ1).	 ﾠFrom	 ﾠthese,	 ﾠareal	 ﾠweighted	 ﾠaverage	 ﾠ
rainfall	 ﾠdata	 ﾠwere	 ﾠgenerated	 ﾠfor	 ﾠ12	 ﾠrivers	 ﾠ(watersheds).	 ﾠMonthly	 ﾠdata	 ﾠ
from	 ﾠthe	 ﾠ12	 ﾠrivers	 ﾠwere	 ﾠused	 ﾠfor	 ﾠPaper	 ﾠII;	 ﾠdaily	 ﾠdata	 ﾠfrom	 ﾠfour	 ﾠrivers	 ﾠ
(from	 ﾠthe	 ﾠoriginal	 ﾠ12)	 ﾠwere	 ﾠused	 ﾠin	 ﾠPaper	 ﾠIII	 ﾠ(Table	 ﾠ1).	 ﾠHydrological	 ﾠ
data	 ﾠ were	 ﾠ collected	 ﾠ and	 ﾠ processed	 ﾠ by	 ﾠ the	 ﾠ Ministry	 ﾠ of	 ﾠ Water	 ﾠ and	 ﾠ
Energy,	 ﾠEthiopia	 ﾠ(earlier	 ﾠcalled	 ﾠthe	 ﾠMinistry	 ﾠof	 ﾠWater	 ﾠResources).	 ﾠDaily	 ﾠ
rainfall,	 ﾠdaily	 ﾠair	 ﾠtemperature,	 ﾠmean	 ﾠmonthly	 ﾠvalue	 ﾠof	 ﾠdaily	 ﾠpotential	 ﾠ
evapotranspiration	 ﾠ(PET)	 ﾠand	 ﾠdaily	 ﾠstream	 ﾠflow	 ﾠdata	 ﾠwere	 ﾠused	 ﾠfor	 ﾠthe	 ﾠ
modeling.	 ﾠThe	 ﾠannual	 ﾠwater	 ﾠbalance	 ﾠwas	 ﾠplotted	 ﾠwith	 ﾠboth	 ﾠmonthly	 ﾠ
and	 ﾠdaily	 ﾠdata	 ﾠto	 ﾠcontrol	 ﾠdata	 ﾠquality	 ﾠ(Dahmen	 ﾠand	 ﾠHall,	 ﾠ1990).	 ﾠThe	 ﾠ
hydrological	 ﾠvariables	 ﾠincluded	 ﾠin	 ﾠthe	 ﾠstatistical	 ﾠanalyses	 ﾠwere	 ﾠannual	 ﾠ
flow	 ﾠ(Qt	 ﾠ[mm	 ﾠyr-ﾭ‐1]),	 ﾠannual	 ﾠrainfall	 ﾠ(P	 ﾠ[mm	 ﾠyr-ﾭ‐1]),	 ﾠrunoff	 ﾠcoefficient	 ﾠ(C,	 ﾠ
the	 ﾠ ratio	 ﾠ of	 ﾠ Qt	 ﾠ to	 ﾠ P),	 ﾠ maximum	 ﾠ monthly	 ﾠ flow	 ﾠ (Qh	 ﾠ [mm]),	 ﾠ minimum	 ﾠ
monthly	 ﾠflow	 ﾠ(Ql	 ﾠ[mm])	 ﾠand	 ﾠlow	 ﾠflow	 ﾠindex	 ﾠ(LFI,	 ﾠthe	 ﾠratio	 ﾠof	 ﾠQl	 ﾠto	 ﾠQt):	 ﾠ
the	 ﾠLFI	 ﾠnormalized	 ﾠthe	 ﾠlow	 ﾠflow	 ﾠto	 ﾠannual	 ﾠflow.	 ﾠ	 ﾠ
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Figure	 ﾠ2.	 ﾠHydrological	 ﾠgauge	 ﾠand	 ﾠmeteorological	 ﾠstations	 ﾠin	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠBasin	 ﾠused	 ﾠ
for	 ﾠ statistical	 ﾠ analysis	 ﾠ and	 ﾠ modeling.	 ﾠ Gauge	 ﾠ stations	 ﾠ are	 ﾠ italicized	 ﾠ diamond	 ﾠ marks	 ﾠ
(green),	 ﾠand	 ﾠmeteorological	 ﾠstations	 ﾠregular	 ﾠfont	 ﾠwith	 ﾠcircle	 ﾠmarks	 ﾠ(red).	 ﾠAll	 ﾠstations	 ﾠ
are	 ﾠused	 ﾠin	 ﾠthe	 ﾠstatistical	 ﾠanalysis,	 ﾠand	 ﾠGilgel	 ﾠAbbay,	 ﾠKoga,	 ﾠBirr	 ﾠand	 ﾠUpper-ﾭ‐Didesa	 ﾠare	 ﾠ
used	 ﾠin	 ﾠthe	 ﾠmodeling.	 ﾠ
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Megetch	 ﾠ 1964-ﾭ‐04	 ﾠ 462	 ﾠ 1150	 ﾠ 387	 ﾠ Papers	 ﾠII	 ﾠand	 ﾠVb	 ﾠ	 ﾠ
Ribb	 ﾠ 1961-ﾭ‐04	 ﾠ 1592	 ﾠ 1440	 ﾠ 291	 ﾠ Paper	 ﾠII	 ﾠ
Gumera	 ﾠ 1959-ﾭ‐04	 ﾠ 1394	 ﾠ 1450	 ﾠ 679	 ﾠ Paper	 ﾠII	 ﾠ
Andasa	 ﾠ 1960-ﾭ‐05	 ﾠ 573	 ﾠ 1410	 ﾠ 469	 ﾠ Paper	 ﾠII	 ﾠ
Koga	 ﾠ 1960-ﾭ‐04	 ﾠ 260	 ﾠ 1560	 ﾠ 565	 ﾠ Papers	 ﾠII,	 ﾠand	 ﾠIII	 ﾠ
Gilgel	 ﾠAbbay	 ﾠ 1960-ﾭ‐04	 ﾠ 1664	 ﾠ 1560	 ﾠ 970	 ﾠ Papers	 ﾠII,	 ﾠIII,	 ﾠIV	 ﾠ
and	 ﾠV	 ﾠ
Birr	 ﾠ 1960-ﾭ‐04	 ﾠ 978	 ﾠ 1730	 ﾠ 490	 ﾠ Papers	 ﾠII,	 ﾠIII,	 ﾠIV	 ﾠ
and	 ﾠV	 ﾠ
Beresa	 ﾠ 1962-ﾭ‐03	 ﾠ 211	 ﾠ 890	 ﾠ 457	 ﾠ Paper	 ﾠII	 ﾠ
Muger	 ﾠ 1971-ﾭ‐04	 ﾠ 489	 ﾠ 1650	 ﾠ 513	 ﾠ Paper	 ﾠII	 ﾠ
Guder	 ﾠ 1959-ﾭ‐04	 ﾠ 524	 ﾠ 1800	 ﾠ 757	 ﾠ Paper	 ﾠII	 ﾠ
Upper-ﾭ‐Didesa	 ﾠ 1985-ﾭ‐05	 ﾠ 1806	 ﾠ 2010	 ﾠ 670	 ﾠ Papers	 ﾠII,	 ﾠIII,	 ﾠIV	 ﾠ
and	 ﾠV	 ﾠ
Urgesa	 ﾠ 1979-ﾭ‐03	 ﾠ 19	 ﾠ 1975	 ﾠ 468	 ﾠ Paper	 ﾠII	 ﾠ
aThe	 ﾠ32	 ﾠwatersheds/rivers	 ﾠincluded	 ﾠin	 ﾠPaper	 ﾠI	 ﾠare	 ﾠnot	 ﾠincluded	 ﾠhere.	 ﾠ	 ﾠ
bAngereb,	 ﾠa	 ﾠwatershed	 ﾠincluded	 ﾠin	 ﾠPaper	 ﾠV	 ﾠis	 ﾠa	 ﾠsub-ﾭ‐watershed	 ﾠof	 ﾠMegetch.	 ﾠ
The	 ﾠtrends	 ﾠover	 ﾠthe	 ﾠwhole	 ﾠtime	 ﾠseries,	 ﾠmultivariate	 ﾠclassification	 ﾠof	 ﾠthe	 ﾠ
time	 ﾠ series,	 ﾠ and	 ﾠ step-ﾭ‐wise	 ﾠ changes	 ﾠ between	 ﾠ classified	 ﾠ periods	 ﾠ were	 ﾠ
tested.	 ﾠ Trends	 ﾠ were	 ﾠ tested	 ﾠ with	 ﾠ Spearman’s	 ﾠ rho,	 ﾠ a	 ﾠ non-ﾭ‐parametric	 ﾠ
rank	 ﾠcorrelation	 ﾠtest.	 ﾠStep-ﾭ‐wise	 ﾠchanges	 ﾠbetween	 ﾠthe	 ﾠmedians	 ﾠof	 ﾠthe	 ﾠ
periods	 ﾠ were	 ﾠ tested	 ﾠ with	 ﾠ Wilcoxon	 ﾠ signed-ﾭ‐rank	 ﾠ sum	 ﾠ test.	 ﾠ Three	 ﾠ
periods	 ﾠwere	 ﾠpostulated	 ﾠbased	 ﾠon	 ﾠpolitical	 ﾠand	 ﾠpolicy	 ﾠchanges	 ﾠbefore	 ﾠ
and	 ﾠafter	 ﾠ1975	 ﾠand	 ﾠ1991,	 ﾠas	 ﾠthese	 ﾠinfluenced	 ﾠthe	 ﾠland	 ﾠmanagement	 ﾠ
systems	 ﾠof	 ﾠthe	 ﾠcountry	 ﾠ(Rahmato,	 ﾠ2009;	 ﾠGebrehiwot	 ﾠet	 ﾠal.,	 ﾠ2010:	 ﾠTable	 ﾠ
1).	 ﾠAfter	 ﾠtransforming	 ﾠthe	 ﾠnon-ﾭ‐linear	 ﾠdata	 ﾠseries,	 ﾠPartial	 ﾠLeast	 ﾠSquare-ﾭ‐
Discriminant	 ﾠAnalysis	 ﾠ(PLS-ﾭ‐DA),	 ﾠa	 ﾠmultivariate	 ﾠanalysis	 ﾠtechnique,	 ﾠwas	 ﾠ
used	 ﾠto	 ﾠtest	 ﾠa	 ﾠclassification	 ﾠof	 ﾠthe	 ﾠwhole	 ﾠtime	 ﾠseries:	 ﾠthis	 ﾠclassification	 ﾠ
divided	 ﾠthe	 ﾠstudy	 ﾠperiod	 ﾠinto	 ﾠthree	 ﾠperiods	 ﾠof	 ﾠca	 ﾠ15	 ﾠyears	 ﾠeach.	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A	 ﾠmodel-ﾭ‐based	 ﾠchange	 ﾠdetection	 ﾠapproach	 ﾠwas	 ﾠapplied	 ﾠ(Paper	 ﾠIII).	 ﾠ
The	 ﾠconceptual	 ﾠrainfall-ﾭ‐runoff	 ﾠHBV	 ﾠmodel	 ﾠ(Lindström	 ﾠet	 ﾠal.,	 ﾠ1997)	 ﾠwas	 ﾠ
used	 ﾠto	 ﾠgenerate	 ﾠparameters,	 ﾠresiduals	 ﾠand	 ﾠsimulations	 ﾠfor	 ﾠcomparison	 ﾠ
among	 ﾠthe	 ﾠdifferent	 ﾠperiods.	 ﾠThe	 ﾠHBV	 ﾠmodel	 ﾠhas	 ﾠnine	 ﾠparameters	 ﾠ(FC,	 ﾠ
LP,	 ﾠ BETA,	 ﾠ PERC,	 ﾠ UZL,	 ﾠ K0,	 ﾠ K1,	 ﾠ K2	 ﾠand	 ﾠMAXBAS,	 ﾠall	 ﾠof	 ﾠwhich	 ﾠare	 ﾠdefined	 ﾠin	 ﾠ
Paper	 ﾠIII).	 ﾠInstead	 ﾠof	 ﾠa	 ﾠsingle	 ﾠbest	 ﾠset	 ﾠof	 ﾠparameter	 ﾠvalues,	 ﾠa	 ﾠcollection	 ﾠ
of	 ﾠ50	 ﾠbest	 ﾠparameter	 ﾠsets	 ﾠwas	 ﾠused,	 ﾠand	 ﾠthe	 ﾠoutput	 ﾠof	 ﾠthese	 ﾠsets	 ﾠwas	 ﾠ
used	 ﾠfor	 ﾠfurther	 ﾠanalysis.	 ﾠTo	 ﾠtest	 ﾠthe	 ﾠsignificance	 ﾠof	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠ
runoff	 ﾠ simulations,	 ﾠ the	 ﾠ T-ﾭ‐test	 ﾠ with	 ﾠ ρ	 ﾠ ≤	 ﾠ 0.05	 ﾠ was	 ﾠ used.	 ﾠ Potential	 ﾠ
differences	 ﾠ in	 ﾠ parameter	 ﾠ distribution	 ﾠ and	 ﾠ residuals	 ﾠ were	 ﾠ tested	 ﾠ by	 ﾠ
Wilcoxon	 ﾠsigned-ﾭ‐rank	 ﾠtest	 ﾠwith	 ﾠa	 ﾠsignificance	 ﾠof	 ﾠρ	 ﾠ≤	 ﾠ0.05.	 ﾠ
4.3  Paper IV 
Three	 ﾠwatersheds	 ﾠfrom	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠBasin,	 ﾠGilgel	 ﾠAbbay	 ﾠ(1664	 ﾠkm2),	 ﾠ
Birr	 ﾠ(980	 ﾠkm2)	 ﾠand	 ﾠUpper-ﾭ‐Didesa	 ﾠ(1980	 ﾠkm2)	 ﾠwere	 ﾠused	 ﾠto	 ﾠstudy	 ﾠland	 ﾠ
cover	 ﾠ change	 ﾠ since	 ﾠ 1957/58	 ﾠ (Paper	 ﾠ IV).	 ﾠ Gilgel	 ﾠ Abbay	 ﾠ and	 ﾠ Birr	 ﾠ are	 ﾠ
located	 ﾠin	 ﾠthe	 ﾠnorth-ﾭ‐central	 ﾠ part	 ﾠof	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠBasin,	 ﾠ and	 ﾠ Upper-ﾭ‐
Didesa	 ﾠis	 ﾠlocated	 ﾠin	 ﾠthe	 ﾠsouthern	 ﾠpart	 ﾠof	 ﾠthe	 ﾠBasin.	 ﾠLand	 ﾠcover	 ﾠwas	 ﾠ
classified	 ﾠwith	 ﾠa	 ﾠfocus	 ﾠon	 ﾠforest	 ﾠcover	 ﾠclasses.	 ﾠ
Aerial	 ﾠphotos	 ﾠfrom	 ﾠ1957/1958	 ﾠand	 ﾠLandsat	 ﾠsatellite	 ﾠimages	 ﾠfrom	 ﾠ
1975,	 ﾠ1986,	 ﾠand	 ﾠfrom	 ﾠ2000/2001	 ﾠwere	 ﾠused.	 ﾠTopographic	 ﾠmaps	 ﾠwith	 ﾠa	 ﾠ
scale	 ﾠof	 ﾠ1:50	 ﾠ000	 ﾠwere	 ﾠalso	 ﾠused	 ﾠfor	 ﾠgeoreferencing.	 ﾠArcGIS	 ﾠversion	 ﾠ9.3	 ﾠ
was	 ﾠ used	 ﾠ for	 ﾠ all	 ﾠ image-ﾭ‐processing	 ﾠ steps	 ﾠ (ESRI,	 ﾠ 2009),	 ﾠ which	 ﾠ were	 ﾠ
enhanced	 ﾠ and	 ﾠ filtered	 ﾠ to	 ﾠ correct	 ﾠ for	 ﾠ radiometric	 ﾠ and	 ﾠ atmospheric	 ﾠ
interference.	 ﾠ
A	 ﾠmanual	 ﾠdigitization	 ﾠof	 ﾠthe	 ﾠaerial	 ﾠphotos	 ﾠwas	 ﾠused	 ﾠfor	 ﾠclassifying	 ﾠ
land	 ﾠcover.	 ﾠThis	 ﾠwas	 ﾠfurther	 ﾠdigitized	 ﾠon-ﾭ‐screen	 ﾠto	 ﾠcoordinate	 ﾠit	 ﾠwith	 ﾠ
the	 ﾠdigital	 ﾠclassification	 ﾠused	 ﾠfor	 ﾠthe	 ﾠsatellite	 ﾠimages.	 ﾠA	 ﾠhybrid	 ﾠmethod	 ﾠ
was	 ﾠemployed	 ﾠfor	 ﾠland	 ﾠcover	 ﾠclassification	 ﾠfrom	 ﾠsatellite	 ﾠimages;	 ﾠi.e.	 ﾠ
both	 ﾠsupervised	 ﾠand	 ﾠunsupervised	 ﾠclassification	 ﾠtechniques	 ﾠwere	 ﾠused.	 ﾠ
The	 ﾠ supervised	 ﾠ classification	 ﾠ was	 ﾠ based	 ﾠ on	 ﾠ the	 ﾠ classes	 ﾠ primarily	 ﾠ
generated	 ﾠthrough	 ﾠunsupervised	 ﾠclassification	 ﾠand	 ﾠthen	 ﾠrefined	 ﾠwith	 ﾠ
ground	 ﾠtruth	 ﾠpoints	 ﾠcollected	 ﾠby	 ﾠGPS.	 ﾠThe	 ﾠERDAS	 ﾠIMAGINE	 ﾠanalysis	 ﾠtool	 ﾠ
embedded	 ﾠ in	 ﾠ ArcGIS	 ﾠ 10	 ﾠ (ERDAS,	 ﾠ 2010;	 ﾠ ESRI,	 ﾠ 2010)	 ﾠ was	 ﾠ used	 ﾠ for	 ﾠ the	 ﾠ
classification.	 ﾠ After	 ﾠ the	 ﾠ supervised	 ﾠ classification,	 ﾠ finer	 ﾠ classes	 ﾠ were	 ﾠ
dissolved	 ﾠto	 ﾠmatch	 ﾠthe	 ﾠresolution	 ﾠof	 ﾠthe	 ﾠdigitally	 ﾠclassified	 ﾠshapes	 ﾠfrom	 ﾠ
the	 ﾠmanually	 ﾠdigitized	 ﾠclasses	 ﾠin	 ﾠthe	 ﾠ1957	 ﾠaerial	 ﾠphotos.	 ﾠ	 ﾠ	 ﾠ 24	 ﾠ
4.4  Paper V 
Four	 ﾠwatersheds	 ﾠ(Angereb,	 ﾠGilgel	 ﾠAbbay,	 ﾠBirr	 ﾠand	 ﾠUpper-ﾭ‐Didesa)	 ﾠwere	 ﾠ
selected	 ﾠfor	 ﾠthe	 ﾠcommunity	 ﾠperception	 ﾠstudy,	 ﾠand	 ﾠcommunities	 ﾠfrom	 ﾠ
both	 ﾠ upstream	 ﾠ and	 ﾠ downstream	 ﾠ regions	 ﾠ of	 ﾠ each	 ﾠ watershed	 ﾠ were	 ﾠ
included.	 ﾠForest,	 ﾠland	 ﾠuse,	 ﾠsoil	 ﾠand	 ﾠwater	 ﾠresources,	 ﾠas	 ﾠwell	 ﾠas	 ﾠtheir	 ﾠ
respective	 ﾠ changes,	 ﾠ were	 ﾠ the	 ﾠ main	 ﾠ descriptors	 ﾠ for	 ﾠ gathering	 ﾠ
community	 ﾠ perception	 ﾠ data,	 ﾠ and	 ﾠ general	 ﾠ perspectives	 ﾠ on	 ﾠ the	 ﾠ
relationship	 ﾠbetween	 ﾠforest	 ﾠand	 ﾠwater	 ﾠwere	 ﾠalso	 ﾠinvestigated.	 ﾠ	 ﾠ
Participatory	 ﾠRural	 ﾠAppraisal	 ﾠ(PRA),	 ﾠa	 ﾠmethod	 ﾠof	 ﾠcollecting	 ﾠsocial-ﾭ‐
qualitative	 ﾠ data,	 ﾠ was	 ﾠ used	 ﾠ to	 ﾠ gather	 ﾠ community	 ﾠ perception.	 ﾠ Group	 ﾠ
discussion,	 ﾠindividual	 ﾠinterviews	 ﾠand	 ﾠhistorical	 ﾠmatrix	 ﾠanalysis	 ﾠwere	 ﾠ
conducted	 ﾠwith	 ﾠ5−10	 ﾠkey	 ﾠinformants	 ﾠfrom	 ﾠeach	 ﾠcommunity	 ﾠ(often	 ﾠboth	 ﾠ
an	 ﾠupstream	 ﾠand	 ﾠa	 ﾠdownstream	 ﾠcommunity	 ﾠin	 ﾠeach	 ﾠwatershed);	 ﾠthis	 ﾠ
method	 ﾠis	 ﾠused	 ﾠfor	 ﾠanalyzing	 ﾠthe	 ﾠextent	 ﾠor	 ﾠstatus	 ﾠof	 ﾠnatural	 ﾠresource	 ﾠ
descriptors	 ﾠin	 ﾠrespect	 ﾠto	 ﾠdifferent	 ﾠperiods.	 ﾠThe	 ﾠinformation	 ﾠgathered	 ﾠ
through	 ﾠ historical	 ﾠ matrix	 ﾠ and	 ﾠ group	 ﾠ discussion	 ﾠ was	 ﾠ cross-ﾭ‐checked.	 ﾠ
Finally,	 ﾠ information	 ﾠ from	 ﾠ different	 ﾠ PRA	 ﾠ tools	 ﾠ was	 ﾠ summarized	 ﾠ by	 ﾠ
numerical	 ﾠgrading	 ﾠfrom	 ﾠ0	 ﾠto	 ﾠ7:	 ﾠthis	 ﾠwas	 ﾠgenerated	 ﾠin	 ﾠone	 ﾠof	 ﾠthe	 ﾠstudy	 ﾠ
areas	 ﾠ and	 ﾠ was	 ﾠ used	 ﾠ as	 ﾠ the	 ﾠ base	 ﾠ for	 ﾠ presenting	 ﾠ results	 ﾠ from	 ﾠ the	 ﾠ
different	 ﾠmethods	 ﾠ(Paper	 ﾠV).	 ﾠ
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5  Results and Discussion 
5.1  Paper I 
The	 ﾠtotal	 ﾠvariation	 ﾠin	 ﾠthe	 ﾠhydrological	 ﾠregime	 ﾠof	 ﾠ32	 ﾠrivers	 ﾠexplained	 ﾠby	 ﾠ
PCA	 ﾠ and	 ﾠ with	 ﾠ watershed	 ﾠ variables	 ﾠ in	 ﾠ the	 ﾠ first	 ﾠ two	 ﾠ components	 ﾠ was	 ﾠ
R2=0.4	 ﾠ (Figure	 ﾠ 2).	 ﾠ The	 ﾠ total	 ﾠ variation	 ﾠ explained	 ﾠ by	 ﾠ the	 ﾠ first	 ﾠ four	 ﾠ
components	 ﾠwas	 ﾠR2=0.6.	 ﾠIn	 ﾠthe	 ﾠPLS,	 ﾠfor	 ﾠthe	 ﾠfirst	 ﾠtwo	 ﾠcomponents	 ﾠhad	 ﾠ
R2=0.5,	 ﾠ and	 ﾠ the	 ﾠ four	 ﾠ components	 ﾠ had	 ﾠ R2=0.6.	 ﾠ In	 ﾠ general,	 ﾠ dry	 ﾠ season	 ﾠ
flows	 ﾠwere	 ﾠpositively	 ﾠcorrelated	 ﾠwith	 ﾠwetland,	 ﾠsavannah	 ﾠgrassland	 ﾠand	 ﾠ
woodland,	 ﾠbut	 ﾠnegatively	 ﾠcorrelated	 ﾠwith	 ﾠgrazing	 ﾠland,	 ﾠbush	 ﾠland	 ﾠand	 ﾠ
extent	 ﾠof	 ﾠtuff/basalts	 ﾠin	 ﾠthe	 ﾠbasin.	 ﾠ	 ﾠAn	 ﾠincrease	 ﾠin	 ﾠlow	 ﾠflows	 ﾠdue	 ﾠto	 ﾠ
increase	 ﾠin	 ﾠgrasslands	 ﾠis	 ﾠhypothesized	 ﾠfor	 ﾠtropical	 ﾠareas	 ﾠby	 ﾠBruijnzeel	 ﾠ
(2004)	 ﾠand	 ﾠMalmer	 ﾠet	 ﾠal.	 ﾠ(2009).	 ﾠIn	 ﾠtropical	 ﾠareas,	 ﾠthese	 ﾠtypes	 ﾠof	 ﾠland	 ﾠ
use	 ﾠincrease	 ﾠwater	 ﾠretention	 ﾠof	 ﾠsoils,	 ﾠand	 ﾠland	 ﾠuse	 ﾠsuch	 ﾠas	 ﾠgrazing	 ﾠand	 ﾠ
bush	 ﾠland	 ﾠindicate	 ﾠ degradation	 ﾠof	 ﾠland	 ﾠresources	 ﾠ(forests	 ﾠand	 ﾠsoils)	 ﾠ
(Gete,	 ﾠ2000;	 ﾠDemel	 ﾠand	 ﾠTesfaye,	 ﾠ2002).	 ﾠWater	 ﾠresource	 ﾠmanagement	 ﾠ
plans	 ﾠneed	 ﾠto	 ﾠbe	 ﾠbased	 ﾠon	 ﾠan	 ﾠunderstanding	 ﾠof	 ﾠthe	 ﾠfull	 ﾠrange	 ﾠof	 ﾠfactors	 ﾠ
controlling	 ﾠwatershed	 ﾠresponse	 ﾠto	 ﾠrainfall,	 ﾠin	 ﾠaddition	 ﾠto	 ﾠthe	 ﾠfactors	 ﾠ
that	 ﾠmanagement	 ﾠcan	 ﾠinfluence.	 ﾠ	 ﾠ
5.2  Papers II and III 
High	 ﾠflow	 ﾠcomprised	 ﾠ18	 ﾠto	 ﾠ67%	 ﾠof	 ﾠthe	 ﾠtotal	 ﾠflow	 ﾠand	 ﾠlow	 ﾠflow	 ﾠ0.2	 ﾠto	 ﾠ
2.4%	 ﾠof	 ﾠthe	 ﾠtotal	 ﾠflow.	 ﾠTest	 ﾠresults	 ﾠfor	 ﾠtrends	 ﾠover	 ﾠthe	 ﾠentire	 ﾠperiod,	 ﾠ
the	 ﾠ classification	 ﾠ of	 ﾠ the	 ﾠ time	 ﾠ series	 ﾠ into	 ﾠ three	 ﾠ different	 ﾠ periods	 ﾠ and	 ﾠ
step-ﾭ‐wise	 ﾠchanges	 ﾠfrom	 ﾠone	 ﾠperiod	 ﾠto	 ﾠthe	 ﾠnext	 ﾠare	 ﾠreported.	 ﾠOver	 ﾠ45	 ﾠ
years,	 ﾠthere	 ﾠwere	 ﾠ12	 ﾠsignificant	 ﾠtrends	 ﾠamong	 ﾠ72	 ﾠtest	 ﾠcases	 ﾠ(12	 ﾠrivers x 
6	 ﾠ hydrological	 ﾠ variables).	 ﾠ The	 ﾠ PLS-ﾭ‐DA	 ﾠ analysis	 ﾠ revealed	 ﾠ a	 ﾠ difference	 ﾠ
among	 ﾠthe	 ﾠhydrological	 ﾠparameters	 ﾠin	 ﾠthe	 ﾠthree	 ﾠperiods	 ﾠ(P1,	 ﾠP2	 ﾠand	 ﾠP3).	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There	 ﾠwere	 ﾠ36	 ﾠsignificant	 ﾠstep-ﾭ‐wise	 ﾠchanges	 ﾠamong	 ﾠ192	 ﾠtest	 ﾠcases	 ﾠ(36	 ﾠ
period	 ﾠclasses	 ﾠx 6	 ﾠhydrological	 ﾠvariables	 ﾠ[minus	 ﾠ2	 ﾠchange	 ﾠcases	 ﾠfrom	 ﾠ2	 ﾠ
rivers])	 ﾠ (Table	 ﾠ 2).	 ﾠ Although	 ﾠ the	 ﾠ variables	 ﾠ differed	 ﾠ among	 ﾠ the	 ﾠ three	 ﾠ
periods,	 ﾠ there	 ﾠ were	 ﾠ few	 ﾠ and	 ﾠ inconsistent	 ﾠ changes	 ﾠ in	 ﾠ individual	 ﾠ
hydrological	 ﾠparameters	 ﾠamong	 ﾠthe	 ﾠthree	 ﾠperiods,	 ﾠespecially	 ﾠwhen	 ﾠthe	 ﾠ
statistical	 ﾠ 5%	 ﾠ false	 ﾠ positive	 ﾠ and	 ﾠ the	 ﾠ influence	 ﾠ of	 ﾠ precipitation	 ﾠ on	 ﾠ
hydrology	 ﾠwere	 ﾠconsidered.	 ﾠ	 ﾠ	 ﾠ
The	 ﾠhydrological	 ﾠregime	 ﾠof	 ﾠthe	 ﾠ12	 ﾠrivers	 ﾠappeared	 ﾠrobust	 ﾠduring	 ﾠthe	 ﾠ
last	 ﾠhalf	 ﾠcentury,	 ﾠas	 ﾠonly	 ﾠ17%	 ﾠof	 ﾠthe	 ﾠtrends	 ﾠtested	 ﾠand	 ﾠ19%	 ﾠof	 ﾠthe	 ﾠstep-ﾭ‐
wise	 ﾠchanges	 ﾠwere	 ﾠsignificant.	 ﾠThe	 ﾠtrends	 ﾠand	 ﾠstep-ﾭ‐wise	 ﾠchanges	 ﾠwere	 ﾠ
river	 ﾠspecific,	 ﾠand	 ﾠat	 ﾠthe	 ﾠscale	 ﾠof	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠBasin,	 ﾠthere	 ﾠwas	 ﾠno	 ﾠclear	 ﾠ
indication	 ﾠthat	 ﾠsoil	 ﾠdegradation	 ﾠor	 ﾠland	 ﾠuse	 ﾠchange	 ﾠinduced	 ﾠloss	 ﾠof	 ﾠlow	 ﾠ
flow.	 ﾠHowever,	 ﾠmore	 ﾠchanges	 ﾠappeared	 ﾠduring	 ﾠthe	 ﾠlatter	 ﾠpart	 ﾠof	 ﾠthe	 ﾠ
study	 ﾠperiod,	 ﾠpossibly	 ﾠindicating	 ﾠan	 ﾠincreasing	 ﾠrate	 ﾠof	 ﾠchange.	 ﾠ	 ﾠ
Both	 ﾠ model	 ﾠ parameters	 ﾠ and	 ﾠ residuals	 ﾠ changed	 ﾠ from	 ﾠ period	 ﾠ to	 ﾠ
period	 ﾠ (Paper	 ﾠ III).	 ﾠ Soil,	 ﾠ evapotranspiration	 ﾠ and	 ﾠ subsurface	 ﾠ response	 ﾠ
function	 ﾠ parameters	 ﾠ (FC,	 ﾠ LP,	 ﾠ BETA,	 ﾠ K1,	 ﾠ K2	 ﾠ and	 ﾠ MAXBAS)	 ﾠ changed	 ﾠ most	 ﾠ
among	 ﾠ the	 ﾠ periods.	 ﾠ In	 ﾠ all	 ﾠ watersheds,	 ﾠ except	 ﾠ Gilgel	 ﾠ Abbay,	 ﾠ model	 ﾠ
residuals	 ﾠchanged	 ﾠsignificantly	 ﾠfrom	 ﾠperiod	 ﾠto	 ﾠperiod;	 ﾠhowever,	 ﾠthere	 ﾠ
was	 ﾠno	 ﾠchange	 ﾠin	 ﾠactual	 ﾠrunoff	 ﾠwith	 ﾠthe	 ﾠparameter	 ﾠsets	 ﾠfrom	 ﾠdifferent	 ﾠ
periods,	 ﾠexcept	 ﾠfor	 ﾠa	 ﾠ15%	 ﾠdaily	 ﾠmean	 ﾠrunoff	 ﾠincrement	 ﾠin	 ﾠP3	 ﾠof	 ﾠUpper-ﾭ‐
Didesa	 ﾠ and	 ﾠ Gilgel	 ﾠ Abbay.	 ﾠ The	 ﾠ changes	 ﾠ in	 ﾠ parameters	 ﾠ and	 ﾠ model	 ﾠ
residuals	 ﾠsuggested	 ﾠa	 ﾠchange	 ﾠin	 ﾠthe	 ﾠcharacteristics	 ﾠof	 ﾠthe	 ﾠwatersheds	 ﾠ
since	 ﾠthe	 ﾠ1960s;	 ﾠalthough,	 ﾠthis	 ﾠhad	 ﾠlittle	 ﾠimpact	 ﾠon	 ﾠthe	 ﾠoverall	 ﾠfunction	 ﾠ
of	 ﾠ the	 ﾠ watersheds	 ﾠ in	 ﾠ generating	 ﾠ runoff.	 ﾠ However,	 ﾠ before	 ﾠ model	 ﾠ
parameters	 ﾠ can	 ﾠ be	 ﾠ used	 ﾠ as	 ﾠ reliable	 ﾠ indicators	 ﾠ for	 ﾠ the	 ﾠ purpose	 ﾠ of	 ﾠ
detecting	 ﾠchange,	 ﾠthere	 ﾠis	 ﾠa	 ﾠneed	 ﾠfor	 ﾠfurther	 ﾠinvestigation	 ﾠof	 ﾠhow	 ﾠthese	 ﾠ
parameters	 ﾠ reflect	 ﾠ differences	 ﾠ in	 ﾠ the	 ﾠ characteristics	 ﾠ of	 ﾠ watersheds,	 ﾠ
especially	 ﾠfor	 ﾠsoil	 ﾠand	 ﾠland	 ﾠuse	 ﾠresource	 ﾠplanning.	 ﾠThe	 ﾠlack	 ﾠof	 ﾠgeneral	 ﾠ
trends	 ﾠ in	 ﾠ the	 ﾠ hydrology	 ﾠ of	 ﾠ the	 ﾠ BNB	 ﾠ means	 ﾠ that	 ﾠ differentiated	 ﾠ
management	 ﾠ plans	 ﾠ for	 ﾠ water	 ﾠ resources	 ﾠ are	 ﾠ needed	 ﾠ for	 ﾠ specific	 ﾠ
watersheds.	 ﾠ	 ﾠ
5.3  Paper IV 
Nine	 ﾠland	 ﾠcover	 ﾠclasses	 ﾠwere	 ﾠidentified	 ﾠin	 ﾠthe	 ﾠthree	 ﾠwatersheds	 ﾠ(Table	 ﾠ
2).	 ﾠGilgel	 ﾠAbbay	 ﾠwas	 ﾠcovered	 ﾠby	 ﾠ10%	 ﾠforests	 ﾠin	 ﾠ1957	 ﾠand	 ﾠ22%	 ﾠin	 ﾠ2000.	 ﾠ
Birr	 ﾠwas	 ﾠcovered	 ﾠby	 ﾠ30%	 ﾠforest	 ﾠduring	 ﾠ1957	 ﾠand	 ﾠby	 ﾠ20%	 ﾠforest	 ﾠduring	 ﾠ
2000.	 ﾠUpper-ﾭ‐Didesa	 ﾠwas	 ﾠ90%	 ﾠcovered	 ﾠby	 ﾠforests	 ﾠin	 ﾠ1958	 ﾠand	 ﾠ45%	 ﾠin	 ﾠ
2001.	 ﾠNatural	 ﾠforest	 ﾠcover	 ﾠdecreased	 ﾠin	 ﾠall	 ﾠwatersheds	 ﾠover	 ﾠthe	 ﾠ40-ﾭ‐	 ﾠ 27	 ﾠ
year	 ﾠ study	 ﾠ period.	 ﾠ The	 ﾠ main	 ﾠ changes	 ﾠ in	 ﾠ land	 ﾠ cover	 ﾠ type	 ﾠ were	 ﾠ an	 ﾠ
increment	 ﾠin	 ﾠEucalyptus	 ﾠplantation,	 ﾠdecrease	 ﾠin	 ﾠwetland	 ﾠand	 ﾠriverine	 ﾠ
forest,	 ﾠ and	 ﾠ an	 ﾠ increase	 ﾠ in	 ﾠ cultivated	 ﾠ land.	 ﾠ Among	 ﾠ the	 ﾠ forest	 ﾠ cover	 ﾠ
classes,	 ﾠriverine	 ﾠforest	 ﾠhad	 ﾠthe	 ﾠhighest	 ﾠrate	 ﾠ of	 ﾠloss,	 ﾠand	 ﾠin	 ﾠall	 ﾠthree	 ﾠ
watersheds,	 ﾠalmost	 ﾠ 100%	 ﾠ of	 ﾠ the	 ﾠ riverine	 ﾠ forest	 ﾠ was	 ﾠ lost	 ﾠ before	 ﾠ the	 ﾠ
1980s.	 ﾠ Wet	 ﾠ mixed	 ﾠ forest,	 ﾠ woodland	 ﾠ and	 ﾠ dry	 ﾠ mixed	 ﾠ forest	 ﾠ had	 ﾠ high	 ﾠ
deforestation	 ﾠrates:	 ﾠwet	 ﾠmixed	 ﾠforest	 ﾠlost	 ﾠ30%	 ﾠof	 ﾠa	 ﾠ68%	 ﾠforest	 ﾠcover	 ﾠin	 ﾠ
40	 ﾠyears	 ﾠ(from	 ﾠ1226	 ﾠto	 ﾠ706	 ﾠkm2).	 ﾠThe	 ﾠactual	 ﾠamount	 ﾠof	 ﾠwoodland	 ﾠlost	 ﾠ
during	 ﾠthe	 ﾠ40-ﾭ‐year	 ﾠperiod	 ﾠrepresented	 ﾠa	 ﾠdecrease	 ﾠfrom	 ﾠ20%	 ﾠ(360	 ﾠkm2)	 ﾠ
to	 ﾠ6%	 ﾠ(100	 ﾠkm2)	 ﾠof	 ﾠthe	 ﾠoriginal	 ﾠcover.	 ﾠ	 ﾠ
Population	 ﾠ density	 ﾠ and	 ﾠ population	 ﾠ growth	 ﾠ differ	 ﾠ between	 ﾠ the	 ﾠ
northern	 ﾠ and	 ﾠ southern	 ﾠ parts	 ﾠ of	 ﾠ the	 ﾠ Basin.	 ﾠ Although	 ﾠ the	 ﾠ population	 ﾠ
density	 ﾠhas	 ﾠbeen	 ﾠhigher	 ﾠfor	 ﾠGilgel	 ﾠAbbay	 ﾠand	 ﾠBirr	 ﾠover	 ﾠthe	 ﾠpast	 ﾠyears,	 ﾠ
the	 ﾠ growth	 ﾠ rate	 ﾠ around	 ﾠ Upper-ﾭ‐Didesa	 ﾠ has	 ﾠ been	 ﾠ much	 ﾠ higher.	 ﾠ The	 ﾠ
higher	 ﾠincremental	 ﾠrate	 ﾠaround	 ﾠUpper-ﾭ‐Didesa	 ﾠcould	 ﾠbe	 ﾠa	 ﾠresult	 ﾠof	 ﾠthe	 ﾠ
resettlement	 ﾠprogram	 ﾠin	 ﾠand	 ﾠaround	 ﾠthe	 ﾠwatershed.	 ﾠ
Table	 ﾠ2.	 ﾠLand	 ﾠcover	 ﾠtypes	 ﾠand	 ﾠdescription	 ﾠin	 ﾠthe	 ﾠstudy	 ﾠwatersheds.	 ﾠ
Land	 ﾠcover	 ﾠ Description	 ﾠ
Cultivated	 ﾠland	 ﾠ Land	 ﾠunder	 ﾠseasonal	 ﾠcultivation	 ﾠ
Grazing	 ﾠland	 ﾠ Land	 ﾠunder	 ﾠgrass	 ﾠcover	 ﾠbut	 ﾠhighly	 ﾠmanaged	 ﾠby	 ﾠgrazing	 ﾠand	 ﾠ
browsing	 ﾠof	 ﾠdomestic	 ﾠanimals	 ﾠ
Open	 ﾠbush	 ﾠland	 ﾠ Land	 ﾠcovered	 ﾠwith	 ﾠopen	 ﾠherbaceous	 ﾠplants	 ﾠ(grass,	 ﾠbush)	 ﾠwith	 ﾠ
shallow	 ﾠsoil	 ﾠdepth	 ﾠand	 ﾠdegraded	 ﾠland	 ﾠ(not	 ﾠreferred	 ﾠto	 ﾠas	 ﾠforest	 ﾠ
cover)	 ﾠ
Dry	 ﾠmixed	 ﾠforest	 ﾠ Evergreen	 ﾠand	 ﾠdeciduous	 ﾠforest	 ﾠin	 ﾠareas	 ﾠwhere	 ﾠannual	 ﾠrainfall	 ﾠ
is	 ﾠ<	 ﾠ1200	 ﾠmm	 ﾠ	 ﾠ
Wet	 ﾠmixed	 ﾠforest	 ﾠ Evergreen	 ﾠand	 ﾠdeciduous	 ﾠmoist	 ﾠmontane	 ﾠand	 ﾠafromontane	 ﾠ
forest	 ﾠin	 ﾠareas	 ﾠwhere	 ﾠannual	 ﾠrainfall	 ﾠis	 ﾠ>1200	 ﾠmm	 ﾠ	 ﾠ
Wooded	 ﾠgrassland	 ﾠ	 ﾠ Openly	 ﾠdistributed	 ﾠtrees	 ﾠincluding	 ﾠafromontane	 ﾠwoodland,	 ﾠ
with	 ﾠwet	 ﾠsavannah	 ﾠgrassland	 ﾠ
Riverine	 ﾠforest	 ﾠ A	 ﾠspecific	 ﾠtype	 ﾠof	 ﾠforest	 ﾠfound	 ﾠalong	 ﾠriverbanks	 ﾠand	 ﾠon	 ﾠflood	 ﾠ
plains,	 ﾠor	 ﾠa	 ﾠriparian	 ﾠvegetation	 ﾠdominated	 ﾠwith	 ﾠtrees. 
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5.4  Paper V 
Since	 ﾠ 1991,	 ﾠ soil	 ﾠ conservation	 ﾠ measures	 ﾠ on	 ﾠ the	 ﾠ Angereb	 ﾠ have	 ﾠ
developed,	 ﾠand	 ﾠthis	 ﾠwas	 ﾠperceived	 ﾠas	 ﾠa	 ﾠreason	 ﾠfor	 ﾠreduction	 ﾠin	 ﾠpeak	 ﾠ	 ﾠ 28	 ﾠ
flow	 ﾠand	 ﾠincrement	 ﾠof	 ﾠbaseflow	 ﾠby	 ﾠthe	 ﾠcommunity.	 ﾠDuring	 ﾠthe	 ﾠ1990s,	 ﾠ
baseflow	 ﾠ and	 ﾠ groundwater	 ﾠ availability	 ﾠ also	 ﾠ increased	 ﾠ in	 ﾠ the	 ﾠ
downstream	 ﾠ areas	 ﾠ of	 ﾠ Birr,	 ﾠ and	 ﾠ the	 ﾠ community	 ﾠ attributed	 ﾠ this	 ﾠ to	 ﾠ
removal	 ﾠof	 ﾠriverine	 ﾠforest	 ﾠand	 ﾠthe	 ﾠexistence	 ﾠof	 ﾠwetland	 ﾠsurrounding	 ﾠ
the	 ﾠ main	 ﾠ river.	 ﾠ According	 ﾠ to	 ﾠ the	 ﾠ community,	 ﾠ Rist,	 ﾠ a	 ﾠ land	 ﾠ allocation	 ﾠ
campaign	 ﾠby	 ﾠthe	 ﾠEmperor	 ﾠduring	 ﾠthe	 ﾠ1940s	 ﾠand	 ﾠ1950s,	 ﾠwas	 ﾠthe	 ﾠmain	 ﾠ
reason	 ﾠfor	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠlarge	 ﾠforest	 ﾠareas	 ﾠ(only	 ﾠ10%)	 ﾠin	 ﾠGilgel	 ﾠAbbay	 ﾠ
by	 ﾠ the	 ﾠ time	 ﾠ the	 ﾠ first	 ﾠ aerial	 ﾠ photos	 ﾠ were	 ﾠ taken	 ﾠ in	 ﾠ 1957:	 ﾠ this	 ﾠ might	 ﾠ
explain	 ﾠwhy	 ﾠEucalyptus	 ﾠplantations	 ﾠwere	 ﾠestablished	 ﾠin	 ﾠGilgel	 ﾠAbbay	 ﾠ
earlier	 ﾠ than	 ﾠ in	 ﾠ other	 ﾠ watersheds.	 ﾠ The	 ﾠ difference	 ﾠ in	 ﾠ the	 ﾠ date	 ﾠ of	 ﾠ
deforestation	 ﾠ between	 ﾠ upstream	 ﾠ and	 ﾠ downstream	 ﾠ areas	 ﾠ in	 ﾠ Gilgel	 ﾠ
Abbay	 ﾠwas	 ﾠa	 ﾠsimilar	 ﾠto	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠdeforestation	 ﾠin	 ﾠKoga,	 ﾠan	 ﾠadjacent	 ﾠ
watershed	 ﾠ(Gebrehiwot	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠIn	 ﾠthe	 ﾠnorthern	 ﾠareas	 ﾠof	 ﾠthe	 ﾠBNB,	 ﾠ
forest	 ﾠ cover	 ﾠ was	 ﾠ already	 ﾠ under	 ﾠ 10%	 ﾠ in	 ﾠ many	 ﾠ watersheds	 ﾠ by	 ﾠ 1960,	 ﾠ
whereas,	 ﾠin	 ﾠthe	 ﾠsouthern	 ﾠpart	 ﾠof	 ﾠthe	 ﾠBNB,	 ﾠmajor	 ﾠdeforestation	 ﾠoccurred	 ﾠ
more	 ﾠ recently	 ﾠ since	 ﾠ the	 ﾠ 1980s.	 ﾠ Woodland	 ﾠ cover	 ﾠ particularly	 ﾠ
diminished	 ﾠdue	 ﾠto	 ﾠresettlement	 ﾠand	 ﾠnew	 ﾠplantations.	 ﾠAccording	 ﾠto	 ﾠthe	 ﾠ
community,	 ﾠ rainfall	 ﾠ variability	 ﾠ was	 ﾠ a	 ﾠ key	 ﾠ issue	 ﾠ influencing	 ﾠ the	 ﾠ flow	 ﾠ
regime.	 ﾠClimate	 ﾠvariability	 ﾠis	 ﾠa	 ﾠproblem	 ﾠwithin	 ﾠthe	 ﾠregion	 ﾠ(Haile	 ﾠet	 ﾠal.	 ﾠ
2011),	 ﾠ and	 ﾠ the	 ﾠ impacts	 ﾠ of	 ﾠ forest	 ﾠ change	 ﾠ on	 ﾠ rainfall,	 ﾠ as	 ﾠ well	 ﾠ as	 ﾠ the	 ﾠ
population	 ﾠincrease	 ﾠof	 ﾠboth	 ﾠcattle	 ﾠand	 ﾠhumans	 ﾠwere	 ﾠcited	 ﾠas	 ﾠthe	 ﾠmost	 ﾠ
important	 ﾠfactors	 ﾠaffecting	 ﾠforests	 ﾠand	 ﾠthe	 ﾠflow	 ﾠregime.	 ﾠAlthough	 ﾠthere	 ﾠ
was	 ﾠ a	 ﾠ perception	 ﾠ that	 ﾠ forests	 ﾠ were	 ﾠ related	 ﾠ to	 ﾠ the	 ﾠ flow	 ﾠ regime,	 ﾠ the	 ﾠ
communities,	 ﾠin	 ﾠall	 ﾠwatersheds,	 ﾠdid	 ﾠnot	 ﾠconsider	 ﾠthis	 ﾠrelationship	 ﾠto	 ﾠbe	 ﾠ
simple	 ﾠor	 ﾠdirect.	 ﾠ	 ﾠ	 ﾠ 29	 ﾠ
6  Summary and Synthesis 
6.1  Flows and forest change in the BNB 
The	 ﾠ influence	 ﾠ of	 ﾠ tropical	 ﾠ forests	 ﾠ on	 ﾠ hydrological	 ﾠ regimes	 ﾠ is	 ﾠ of	 ﾠ both	 ﾠ
scientific	 ﾠand	 ﾠsocietal	 ﾠconcern.	 ﾠThe	 ﾠrelationship	 ﾠbetween	 ﾠforest	 ﾠchange	 ﾠ
and	 ﾠthe	 ﾠhydrological	 ﾠregime	 ﾠis	 ﾠboth	 ﾠsite	 ﾠand	 ﾠtime	 ﾠspecific	 ﾠ(Andreassian,	 ﾠ
2004;	 ﾠ Bruijnzeel,	 ﾠ 2004).	 ﾠ Differences	 ﾠ in	 ﾠ watershed	 ﾠ characteristics,	 ﾠ
forest	 ﾠ function,	 ﾠ hydrological	 ﾠ processes	 ﾠ and	 ﾠ climate	 ﾠ contribute	 ﾠ to	 ﾠ
unresolved	 ﾠ questions	 ﾠ in	 ﾠ forest	 ﾠ hydrology.	 ﾠ In	 ﾠ addition	 ﾠ to	 ﾠ spatial	 ﾠ
differences,	 ﾠtemporal	 ﾠchanges	 ﾠin	 ﾠclimate,	 ﾠsoils,	 ﾠforest	 ﾠcommunities	 ﾠand	 ﾠ
societal	 ﾠpressures	 ﾠcontribute	 ﾠto	 ﾠthe	 ﾠdifferences	 ﾠin	 ﾠhydrology.	 ﾠClimate,	 ﾠ
topography	 ﾠand	 ﾠland	 ﾠcover	 ﾠsystems	 ﾠare	 ﾠmore	 ﾠcomplex	 ﾠin	 ﾠthe	 ﾠtropics	 ﾠ
than	 ﾠ elsewhere	 ﾠ in	 ﾠ the	 ﾠ world	 ﾠ (Malmer	 ﾠ et	 ﾠ al.,	 ﾠ 2009).	 ﾠ Scale	 ﾠ is	 ﾠ a	 ﾠ
confounding	 ﾠfactor	 ﾠthat	 ﾠhas	 ﾠa	 ﾠconsiderable	 ﾠinfluence.	 ﾠFor	 ﾠexample,	 ﾠthe	 ﾠ
negative	 ﾠ effect	 ﾠ of	 ﾠ forest	 ﾠ evapotranspiration	 ﾠ on	 ﾠ runoff	 ﾠ is	 ﾠ directly	 ﾠ
measurable	 ﾠat	 ﾠthe	 ﾠlocal	 ﾠscale	 ﾠ(tens	 ﾠof	 ﾠsquare	 ﾠkilometers),	 ﾠwhereas,	 ﾠthe	 ﾠ
positive	 ﾠ effect	 ﾠ of	 ﾠ forest	 ﾠ evapotranspiration	 ﾠ on	 ﾠ precipitation	 ﾠ is	 ﾠ on	 ﾠ a	 ﾠ
much	 ﾠ larger	 ﾠ scale	 ﾠ (hundreds	 ﾠ and	 ﾠ thousands	 ﾠ of	 ﾠ square	 ﾠ kilometers:	 ﾠ
Ellison	 ﾠ et	 ﾠ al.,	 ﾠ 2011).	 ﾠ Thus,	 ﾠ the	 ﾠ influence	 ﾠ of	 ﾠ forests	 ﾠ on	 ﾠ hydrology	 ﾠ in	 ﾠ
tropical	 ﾠareas	 ﾠis	 ﾠfar	 ﾠfrom	 ﾠtransparent,	 ﾠas	 ﾠthere	 ﾠare	 ﾠdifferent	 ﾠaspects	 ﾠ
influencing	 ﾠdifferent	 ﾠparts	 ﾠof	 ﾠthe	 ﾠhydrological	 ﾠregime.	 ﾠIn	 ﾠregions	 ﾠwhere	 ﾠ
the	 ﾠlivelihood	 ﾠof	 ﾠpeople	 ﾠdepends	 ﾠentirely	 ﾠon	 ﾠthe	 ﾠavailability	 ﾠof	 ﾠwater,	 ﾠ
any	 ﾠimpact	 ﾠon	 ﾠlow	 ﾠand	 ﾠhigh	 ﾠflows	 ﾠis	 ﾠimportant,	 ﾠparticularly	 ﾠas	 ﾠthese	 ﾠ
flow	 ﾠ extremes	 ﾠ (both	 ﾠ high	 ﾠ and	 ﾠ low)	 ﾠ are	 ﾠ the	 ﾠ most	 ﾠ difficult	 ﾠ to	 ﾠ gauge	 ﾠ
accurately	 ﾠ(McMillan	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠWesterberg	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ
In	 ﾠ this	 ﾠ work,	 ﾠ the	 ﾠ relationship	 ﾠ between	 ﾠ forest	 ﾠ change	 ﾠ and	 ﾠ
hydrological	 ﾠ regime	 ﾠ in	 ﾠ the	 ﾠ BNB	 ﾠ of	 ﾠ Ethiopia	 ﾠ was	 ﾠ assessed	 ﾠ at	 ﾠ the	 ﾠ
river/watershed	 ﾠ scale	 ﾠ of	 ﾠ hundreds	 ﾠ and	 ﾠ thousands	 ﾠ of	 ﾠ square	 ﾠ
kilometers.	 ﾠ Different	 ﾠ analytical	 ﾠ approaches	 ﾠ (statistical	 ﾠ analysis,	 ﾠ	 ﾠ 30	 ﾠ
hydrological	 ﾠ modeling,	 ﾠ remote	 ﾠ sensing	 ﾠ and	 ﾠ community	 ﾠ perception)	 ﾠ
were	 ﾠapplied	 ﾠto	 ﾠassess	 ﾠhalf	 ﾠa	 ﾠcentury	 ﾠof	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠhydrological	 ﾠ
regime	 ﾠand	 ﾠland	 ﾠcover	 ﾠof	 ﾠthe	 ﾠBNB.	 ﾠA	 ﾠstatistical	 ﾠapproach	 ﾠapplied	 ﾠto	 ﾠ12	 ﾠ
rivers	 ﾠ (19	 ﾠ −1800	 ﾠ km2	 ﾠ sized	 ﾠ watersheds)	 ﾠ tested	 ﾠ for	 ﾠ possible	 ﾠ
hydrological	 ﾠchanges	 ﾠover	 ﾠ45	 ﾠyears.	 ﾠOf	 ﾠthese	 ﾠ12	 ﾠrivers,	 ﾠfour	 ﾠrivers	 ﾠwere	 ﾠ
further	 ﾠanalyzed	 ﾠthrough	 ﾠmodeling	 ﾠto	 ﾠdetect	 ﾠhydrological	 ﾠchanges.	 ﾠThe	 ﾠ
spatial	 ﾠ relationships	 ﾠ of	 ﾠ the	 ﾠ hydrological	 ﾠ regime	 ﾠ to	 ﾠ watershed	 ﾠ
characteristics,	 ﾠ including	 ﾠ land	 ﾠ cover/forest	 ﾠ cover	 ﾠ types,	 ﾠ were	 ﾠ also	 ﾠ
characterized	 ﾠwith	 ﾠstatistical	 ﾠapproaches.	 ﾠChanges	 ﾠin	 ﾠland	 ﾠcover	 ﾠwere	 ﾠ
analyzed	 ﾠ through	 ﾠ remote	 ﾠ sensing	 ﾠ with	 ﾠ an	 ﾠ emphasis	 ﾠ on	 ﾠ forest	 ﾠ cover	 ﾠ
types.	 ﾠFinally,	 ﾠcommunity	 ﾠperception,	 ﾠa	 ﾠsource	 ﾠof	 ﾠinformation	 ﾠthat	 ﾠcan	 ﾠ
complement	 ﾠ the	 ﾠ instrumental	 ﾠ observations	 ﾠ was	 ﾠ compiled	 ﾠ through	 ﾠ
interviewing	 ﾠ community	 ﾠ elders	 ﾠ in	 ﾠ four	 ﾠ of	 ﾠ the	 ﾠ 12	 ﾠ watersheds.	 ﾠ The	 ﾠ
spatial,	 ﾠ temporal	 ﾠ and	 ﾠ methodological	 ﾠ breadth	 ﾠ of	 ﾠ this	 ﾠ study	 ﾠ was	 ﾠ
advantageous	 ﾠ for	 ﾠ attempting	 ﾠ to	 ﾠ clarify	 ﾠ any	 ﾠ relationships	 ﾠ between	 ﾠ
forest	 ﾠcover	 ﾠand	 ﾠthe	 ﾠflow	 ﾠregime	 ﾠin	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠBasin.	 ﾠ
In	 ﾠ the	 ﾠ Blue	 ﾠ Nile	 ﾠ Basin,	 ﾠ drought	 ﾠ is	 ﾠ the	 ﾠ main	 ﾠ problem	 ﾠ facing	 ﾠ the	 ﾠ
livelihood	 ﾠof	 ﾠthe	 ﾠpeople	 ﾠand	 ﾠthere	 ﾠis	 ﾠa	 ﾠpopular	 ﾠbelief	 ﾠthat	 ﾠlow	 ﾠflows	 ﾠare	 ﾠ
accentuated	 ﾠby	 ﾠdeforestation	 ﾠin	 ﾠthe	 ﾠhighlands	 ﾠof	 ﾠthe	 ﾠBasin.	 ﾠDespite	 ﾠthis	 ﾠ
widespread	 ﾠbelief,	 ﾠthe	 ﾠgeneral	 ﾠimpact	 ﾠof	 ﾠhighland	 ﾠdeforestation	 ﾠon	 ﾠlow	 ﾠ
flow	 ﾠwas	 ﾠnot	 ﾠreadily	 ﾠidentifiable	 ﾠin	 ﾠthe	 ﾠinstrumental	 ﾠrecords,	 ﾠat	 ﾠleast	 ﾠ
for	 ﾠ these	 ﾠ specific	 ﾠ watersheds.	 ﾠ In	 ﾠ most	 ﾠ cases	 ﾠ there	 ﾠ were	 ﾠ no	 ﾠ major	 ﾠ
changes	 ﾠin	 ﾠthe	 ﾠlow	 ﾠor	 ﾠtotal	 ﾠflow	 ﾠregime,	 ﾠeven	 ﾠthough	 ﾠthere	 ﾠhas	 ﾠbeen	 ﾠ
ongoing	 ﾠdeforestation	 ﾠfor	 ﾠthe	 ﾠpast	 ﾠthree	 ﾠto	 ﾠsix	 ﾠdecades.	 ﾠHowever,	 ﾠmuch	 ﾠ
of	 ﾠthe	 ﾠabsolute	 ﾠloss	 ﾠof	 ﾠforest	 ﾠoccurred	 ﾠbefore	 ﾠthe	 ﾠstudy	 ﾠperiod	 ﾠ(Figure	 ﾠ
3),	 ﾠ and	 ﾠ the	 ﾠimpact	 ﾠof	 ﾠdeforestation	 ﾠeluded	 ﾠ simple	 ﾠgeneralization,	 ﾠ as	 ﾠ
there	 ﾠwere	 ﾠspecific	 ﾠdates	 ﾠand	 ﾠrates	 ﾠof	 ﾠdeforestation	 ﾠand	 ﾠtypes	 ﾠof	 ﾠforests	 ﾠ
involved.	 ﾠThe	 ﾠspatial	 ﾠrelationship	 ﾠbetween	 ﾠforest	 ﾠcover	 ﾠand	 ﾠlow	 ﾠflows	 ﾠ
was	 ﾠmore	 ﾠdistinct	 ﾠthan	 ﾠthe	 ﾠtemporal	 ﾠrelationship	 ﾠbetween	 ﾠforest	 ﾠcover	 ﾠ
and	 ﾠ low	 ﾠ flows.	 ﾠ Woodlands,	 ﾠ grasslands	 ﾠ had	 ﾠ stronger	 ﾠ positive	 ﾠ
relationships	 ﾠwith	 ﾠlow	 ﾠflow	 ﾠ(Paper	 ﾠI).	 ﾠRiverine	 ﾠforest	 ﾠhad	 ﾠa	 ﾠnegative	 ﾠ
impact,	 ﾠaccording	 ﾠto	 ﾠthe	 ﾠcommunity	 ﾠperception,	 ﾠwhich	 ﾠmay	 ﾠbe	 ﾠdue	 ﾠto	 ﾠ
the	 ﾠriverine	 ﾠforests	 ﾠutilizing	 ﾠmuch	 ﾠwater	 ﾠin	 ﾠand	 ﾠaround	 ﾠthe	 ﾠriverbank	 ﾠ
and	 ﾠtranspiring	 ﾠduring	 ﾠthe	 ﾠdry	 ﾠseason	 ﾠ(Winter,	 ﾠ2007).	 ﾠ
The	 ﾠstatistical	 ﾠanalyses	 ﾠrevealed	 ﾠ	 ﾠspecific	 ﾠhydrological	 ﾠchanges	 ﾠin	 ﾠ
some	 ﾠ watersheds	 ﾠ of	 ﾠ the	 ﾠ BNB	 ﾠ over	 ﾠ 45	 ﾠ years.	 ﾠ Although	 ﾠ fluctuation	 ﾠ in	 ﾠ
rainfall	 ﾠ could	 ﾠ explain	 ﾠ some	 ﾠ of	 ﾠ those	 ﾠ changes,	 ﾠ further	 ﾠ information	 ﾠ is	 ﾠ
needed	 ﾠ to	 ﾠ increase	 ﾠ understanding	 ﾠ of	 ﾠ the	 ﾠ complex	 ﾠ and	 ﾠ unclear	 ﾠ
relationship	 ﾠ between	 ﾠ forest	 ﾠ and	 ﾠ flow	 ﾠ in	 ﾠ the	 ﾠ temporal	 ﾠ dimension.	 ﾠ
Factors	 ﾠ that	 ﾠ could	 ﾠ contribute	 ﾠ 	 ﾠ to	 ﾠ the	 ﾠ complexity	 ﾠ of	 ﾠ the	 ﾠ relationship	 ﾠ	 ﾠ 31	 ﾠ
between	 ﾠforests	 ﾠand	 ﾠflow	 ﾠinclude	 ﾠpossible	 ﾠerrors	 ﾠin	 ﾠobservational	 ﾠdata	 ﾠ
of	 ﾠextreme	 ﾠflows,	 ﾠthe	 ﾠdifferent	 ﾠtypes	 ﾠof	 ﾠforest	 ﾠcover	 ﾠchange,	 ﾠthe	 ﾠspecific	 ﾠ
timing	 ﾠof	 ﾠforest	 ﾠimpacts	 ﾠon	 ﾠflow,	 ﾠthe	 ﾠdifferent	 ﾠfactors	 ﾠaffecting	 ﾠforest	 ﾠ
and	 ﾠ flow	 ﾠ relations,	 ﾠ and	 ﾠ the	 ﾠ scale	 ﾠ of	 ﾠ forest	 ﾠ impacts.	 ﾠ As	 ﾠ the	 ﾠ relation	 ﾠ
between	 ﾠforest	 ﾠand	 ﾠflow	 ﾠis	 ﾠcomplex,	 ﾠcommunity	 ﾠperception	 ﾠcould	 ﾠbe	 ﾠa	 ﾠ
complementary	 ﾠ tool	 ﾠ for	 ﾠ addressing	 ﾠ the	 ﾠ areas	 ﾠ in	 ﾠ forest	 ﾠ hydrology	 ﾠ
where	 ﾠthere	 ﾠis	 ﾠa	 ﾠlack	 ﾠof	 ﾠknowledge.	 ﾠ
	 ﾠ
	 ﾠ
Figure	 ﾠ3.	 ﾠRelationship	 ﾠof	 ﾠrainfall,	 ﾠtotal	 ﾠflow	 ﾠand	 ﾠlow	 ﾠflow	 ﾠto	 ﾠchange	 ﾠof	 ﾠnatural	 ﾠforest	 ﾠand	 ﾠ	 ﾠ 32	 ﾠ
plantation	 ﾠin	 ﾠthree	 ﾠwatersheds	 ﾠin	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠBasin.	 ﾠThe	 ﾠtext	 ﾠfor	 ﾠeach	 ﾠwatershed	 ﾠ
summarizes	 ﾠcommunity	 ﾠperception	 ﾠfor	 ﾠthat	 ﾠwatershed.	 ﾠ
6.2  Community perception as a complement to observational 
analysis 
In	 ﾠ this	 ﾠ study,	 ﾠ community	 ﾠ perception	 ﾠ provided	 ﾠ an	 ﾠ alternative	 ﾠ
perspective	 ﾠfor	 ﾠidentifying	 ﾠthe	 ﾠrelationship	 ﾠbetween	 ﾠforestry,	 ﾠland	 ﾠuse	 ﾠ
and	 ﾠflow	 ﾠregime.	 ﾠThe	 ﾠcommunity	 ﾠcited	 ﾠcattle	 ﾠand	 ﾠhuman	 ﾠpopulations	 ﾠ
as	 ﾠone	 ﾠof	 ﾠthe	 ﾠfactors	 ﾠfor	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠforest	 ﾠon	 ﾠflow	 ﾠbeing	 ﾠcomplex	 ﾠand	 ﾠ
non-ﾭ‐direct.	 ﾠThe	 ﾠimpact	 ﾠof	 ﾠdeforestation	 ﾠon	 ﾠrainfall	 ﾠwas	 ﾠconsidered	 ﾠan	 ﾠ
additonal	 ﾠ factor	 ﾠ that	 ﾠ rendered	 ﾠ the	 ﾠ causality	 ﾠ of	 ﾠ forest	 ﾠ hydrology	 ﾠ
difficult	 ﾠ to	 ﾠ identify	 ﾠ in	 ﾠ the	 ﾠ temporal	 ﾠ dimension.	 ﾠ The	 ﾠ impact	 ﾠ of	 ﾠ
deforestation	 ﾠon	 ﾠrainfall	 ﾠis	 ﾠone	 ﾠof	 ﾠthe	 ﾠmost	 ﾠcomplex	 ﾠissues	 ﾠin	 ﾠtropical	 ﾠ
hydrology	 ﾠ(Ellison	 ﾠet	 ﾠal.,	 ﾠ2011),	 ﾠas	 ﾠdeforestation	 ﾠ could	 ﾠaffect	 ﾠalbedo	 ﾠ
and	 ﾠ wind	 ﾠ direction,	 ﾠ which	 ﾠ in	 ﾠ turn,	 ﾠ affects	 ﾠ the	 ﾠ local	 ﾠ rainfall	 ﾠ pattern	 ﾠ
(Dickinson	 ﾠand	 ﾠHenderson-ﾭ‐Sellers,	 ﾠ2006)	 ﾠthat	 ﾠultimately	 ﾠ	 ﾠcould	 ﾠaffect	 ﾠ
the	 ﾠflow	 ﾠregime.	 ﾠ
According	 ﾠ to	 ﾠ community	 ﾠ perception	 ﾠ and	 ﾠ the	 ﾠ spatial	 ﾠ analysis	 ﾠ of	 ﾠ
watershed	 ﾠ characterization,	 ﾠ forest	 ﾠ change	 ﾠ could	 ﾠ directly	 ﾠ affect	 ﾠ low	 ﾠ
flow,	 ﾠfor	 ﾠexample	 ﾠthe	 ﾠafforestation	 ﾠof	 ﾠEucalyptus	 ﾠreduced	 ﾠlow	 ﾠflow	 ﾠand	 ﾠ
the	 ﾠdeforestation	 ﾠof	 ﾠriverine	 ﾠforest	 ﾠincreased	 ﾠlow	 ﾠflow.	 ﾠThe	 ﾠincrement	 ﾠ
of	 ﾠ baseflow	 ﾠ after	 ﾠ deforestation	 ﾠ of	 ﾠ riverine	 ﾠ forest	 ﾠ was	 ﾠ confirmed	 ﾠ in	 ﾠ
measurments	 ﾠbut	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠEucalyptus	 ﾠcould	 ﾠbe	 ﾠnot	 ﾠconfirmed.	 ﾠThe	 ﾠ
suggestion	 ﾠ that	 ﾠ Eucalyptus	 ﾠ reduces	 ﾠ low	 ﾠ flow	 ﾠ regimes	 ﾠ needs	 ﾠ to	 ﾠ be	 ﾠ
treated	 ﾠcautiously,	 ﾠas	 ﾠthese	 ﾠimpacts	 ﾠcan	 ﾠbe	 ﾠsite	 ﾠspecific	 ﾠ(Wullschleger	 ﾠ
et	 ﾠ al.,	 ﾠ 1998).	 ﾠ In	 ﾠ Angereb,	 ﾠ the	 ﾠ community	 ﾠ mentioned	 ﾠ that	 ﾠ after	 ﾠ the	 ﾠ
implementation	 ﾠof	 ﾠsoil	 ﾠconservation	 ﾠpractices	 ﾠlow	 ﾠflow	 ﾠincreased.	 ﾠ
In	 ﾠ the	 ﾠ observational	 ﾠ analysis,	 ﾠ changes	 ﾠ in	 ﾠ the	 ﾠ hydrological	 ﾠ regime	 ﾠ
were	 ﾠwatershed	 ﾠspecific	 ﾠand	 ﾠthe	 ﾠcommunity	 ﾠperception	 ﾠamplified	 ﾠthe	 ﾠ
specificity	 ﾠat	 ﾠthe	 ﾠsub-ﾭ‐watershed	 ﾠlevel.	 ﾠThe	 ﾠrelation	 ﾠof	 ﾠforest	 ﾠand	 ﾠflow	 ﾠin	 ﾠ
different	 ﾠparts	 ﾠof	 ﾠa	 ﾠsingle	 ﾠwatershed	 ﾠcould	 ﾠnot	 ﾠbe	 ﾠproved	 ﾠstatistically	 ﾠ
over	 ﾠtime	 ﾠwith	 ﾠrecorded	 ﾠobservational	 ﾠdata	 ﾠfrom	 ﾠthe	 ﾠentire	 ﾠwatershed,	 ﾠ
however,	 ﾠcommunity	 ﾠperception	 ﾠprovided	 ﾠinformation	 ﾠthat	 ﾠwas	 ﾠmore	 ﾠ
specific	 ﾠ to	 ﾠ the	 ﾠ sub-ﾭ‐watershed	 ﾠ level.	 ﾠ Scale	 ﾠ is	 ﾠ a	 ﾠ recognized	 ﾠ issue	 ﾠ in	 ﾠ
tropical	 ﾠforest	 ﾠhydrology	 ﾠ(Blöschl	 ﾠet	 ﾠal.,	 ﾠ2007),	 ﾠwhich	 ﾠwas	 ﾠconfirmed	 ﾠby	 ﾠ
the	 ﾠresults	 ﾠpresented	 ﾠin	 ﾠPaper	 ﾠII.	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6.3  Future perspectives 
The	 ﾠgeneral	 ﾠconclusion	 ﾠwas	 ﾠthat	 ﾠforest	 ﾠimpacts	 ﾠon	 ﾠhydrology	 ﾠover	 ﾠtime	 ﾠ
could	 ﾠ not	 ﾠ be	 ﾠ generalized	 ﾠ at	 ﾠ basin	 ﾠ or	 ﾠ regional	 ﾠ scales.	 ﾠ Community	 ﾠ
perception	 ﾠdid	 ﾠnot	 ﾠyield	 ﾠunivocal	 ﾠresults	 ﾠregarding	 ﾠforest	 ﾠinfluences.	 ﾠ
The	 ﾠ large	 ﾠ scale	 ﾠ at	 ﾠ which	 ﾠ the	 ﾠ instrumental	 ﾠ observations	 ﾠ were	 ﾠ taken	 ﾠ
might	 ﾠbe	 ﾠone	 ﾠreason	 ﾠfor	 ﾠthe	 ﾠlack	 ﾠof	 ﾠa	 ﾠclear	 ﾠforest-ﾭ‐water	 ﾠrelationship.	 ﾠ
The	 ﾠvariability	 ﾠin	 ﾠrainfall	 ﾠpatterns	 ﾠand	 ﾠtopography	 ﾠof	 ﾠthe	 ﾠwatersheds	 ﾠ
(Haimanote	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠdifferences	 ﾠin	 ﾠvegetation	 ﾠtypes	 ﾠ
(Demel,	 ﾠ 2002)	 ﾠ further	 ﾠ reduced	 ﾠ the	 ﾠ likelihood	 ﾠ of	 ﾠ finding	 ﾠ clear	 ﾠ
relationships	 ﾠ between	 ﾠ forest	 ﾠ and	 ﾠ flow	 ﾠ regimes.	 ﾠ Future	 ﾠ studies	 ﾠ on	 ﾠ
forest	 ﾠ hydrology	 ﾠ need	 ﾠ to	 ﾠ address	 ﾠ both	 ﾠ sub-ﾭ‐watershed	 ﾠ scales	 ﾠ and	 ﾠ
differences	 ﾠ in	 ﾠ watershed	 ﾠ characteristics,	 ﾠ including	 ﾠ vegetation,	 ﾠ and	 ﾠ
address	 ﾠthe	 ﾠhydrological	 ﾠprocesses	 ﾠattributed	 ﾠto	 ﾠdifferent	 ﾠforest	 ﾠtypes.	 ﾠ	 ﾠ
As	 ﾠforest	 ﾠchange	 ﾠwill	 ﾠcontinue	 ﾠin	 ﾠresponse	 ﾠto	 ﾠa	 ﾠrange	 ﾠof	 ﾠdrivers,	 ﾠ
from	 ﾠeconomic	 ﾠdrivers	 ﾠat	 ﾠthe	 ﾠlocal	 ﾠlevel	 ﾠto	 ﾠenvironmental	 ﾠand	 ﾠclimatic	 ﾠ
drivers	 ﾠon	 ﾠa	 ﾠglobal	 ﾠscale,	 ﾠboth	 ﾠshort-ﾭ‐term	 ﾠfinancial	 ﾠgrowth	 ﾠand	 ﾠlong-ﾭ‐
term	 ﾠenvironmental	 ﾠimpacts	 ﾠneed	 ﾠto	 ﾠbe	 ﾠaddressed	 ﾠ(Bonnel,	 ﾠ1998).	 ﾠThe	 ﾠ
effect	 ﾠ of	 ﾠ changes	 ﾠ in	 ﾠ forest	 ﾠ and	 ﾠ other	 ﾠ land	 ﾠ use	 ﾠ patterns	 ﾠ on	 ﾠ the	 ﾠ flow	 ﾠ
regime	 ﾠneeds	 ﾠmonitoring,	 ﾠespecially	 ﾠin	 ﾠareas	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠ BNB	 ﾠwhere	 ﾠ
water	 ﾠavailability	 ﾠduring	 ﾠthe	 ﾠdry	 ﾠseason	 ﾠis	 ﾠan	 ﾠimportant	 ﾠfactor	 ﾠfor	 ﾠfood	 ﾠ
security	 ﾠand	 ﾠthe	 ﾠdevelopment	 ﾠpotential	 ﾠof	 ﾠthe	 ﾠregion.	 ﾠ
Apart	 ﾠ from	 ﾠ the	 ﾠ issue	 ﾠ of	 ﾠ scale	 ﾠ in	 ﾠ detecting	 ﾠ land	 ﾠ use	 ﾠ influences,	 ﾠ it	 ﾠ
should	 ﾠbe	 ﾠrecognized	 ﾠthat	 ﾠwater	 ﾠavailability	 ﾠat	 ﾠriver	 ﾠscale	 ﾠand	 ﾠfarm	 ﾠ
level	 ﾠcould	 ﾠbe	 ﾠdifferent,	 ﾠwith	 ﾠthe	 ﾠlatter	 ﾠbeing	 ﾠmore	 ﾠimportant	 ﾠrole	 ﾠfor	 ﾠ
the	 ﾠlivelihoods	 ﾠof	 ﾠthe	 ﾠpeople	 ﾠin	 ﾠthe	 ﾠbasin.	 ﾠThe	 ﾠresidents	 ﾠof	 ﾠthe	 ﾠbasin	 ﾠare	 ﾠ
mainly	 ﾠ subsistence	 ﾠ farmers	 ﾠ and	 ﾠ any	 ﾠ influence	 ﾠ on	 ﾠ farm-ﾭ‐scale	 ﾠ water	 ﾠ
availability	 ﾠcan	 ﾠaffect	 ﾠtheir	 ﾠway	 ﾠof	 ﾠlife.	 ﾠLand	 ﾠuse	 ﾠchange	 ﾠcould	 ﾠinduce	 ﾠ
larger	 ﾠhydrological	 ﾠchanges	 ﾠat	 ﾠthe	 ﾠfarm	 ﾠlevel	 ﾠthan	 ﾠat	 ﾠthe	 ﾠriver	 ﾠscale.	 ﾠ
Farm	 ﾠlevel	 ﾠstudies	 ﾠcould	 ﾠbe	 ﾠequated	 ﾠwith	 ﾠhydrological	 ﾠstudies	 ﾠat	 ﾠthe	 ﾠ
hillslope	 ﾠ scale.	 ﾠ The	 ﾠ issue	 ﾠ of	 ﾠ farm	 ﾠ level	 ﾠ (hillslope)	 ﾠ versus	 ﾠ
river/watershed	 ﾠ level	 ﾠ water	 ﾠ availability	 ﾠ needs	 ﾠ to	 ﾠ be	 ﾠ thoroughly	 ﾠ
elucidated.	 ﾠ Another	 ﾠ factor	 ﾠ confounding	 ﾠ the	 ﾠ detection	 ﾠ of	 ﾠ land	 ﾠ use	 ﾠ
influence	 ﾠon	 ﾠthe	 ﾠflow	 ﾠregime	 ﾠis	 ﾠuncertainty	 ﾠin	 ﾠthe	 ﾠhydrological	 ﾠdata.	 ﾠ
This	 ﾠ could	 ﾠ be	 ﾠ managed	 ﾠ through	 ﾠ data	 ﾠ quality	 ﾠ control,	 ﾠ as	 ﾠ many	 ﾠ data	 ﾠ
quality	 ﾠproblems	 ﾠarise	 ﾠfrom	 ﾠmeasurement	 ﾠand	 ﾠhuman-ﾭ‐induced	 ﾠerror.	 ﾠ
Data	 ﾠproblems	 ﾠare	 ﾠmanifested	 ﾠespecially	 ﾠin	 ﾠthe	 ﾠpeak	 ﾠand	 ﾠlow	 ﾠflow	 ﾠparts	 ﾠ
of	 ﾠthe	 ﾠhydrograph	 ﾠ(Westerberg	 ﾠet	 ﾠal.,	 ﾠ2010),	 ﾠand	 ﾠit	 ﾠis	 ﾠthese	 ﾠthat	 ﾠare	 ﾠ
important	 ﾠextremes	 ﾠfor	 ﾠcharacterizing	 ﾠchanges	 ﾠin	 ﾠflow	 ﾠregime.	 ﾠDuring	 ﾠ
the	 ﾠmodeling	 ﾠwork	 ﾠin	 ﾠthis	 ﾠstudy,	 ﾠsimulated	 ﾠdischarge	 ﾠwas	 ﾠbetter	 ﾠfitted	 ﾠ
with	 ﾠthe	 ﾠrising	 ﾠand	 ﾠfalling	 ﾠlimbs	 ﾠthan	 ﾠpeak	 ﾠand	 ﾠbase	 ﾠflows	 ﾠ(Paper	 ﾠIII).	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Therefore,	 ﾠin	 ﾠfuture	 ﾠhydrological	 ﾠanalysis,	 ﾠthere	 ﾠis	 ﾠa	 ﾠneed	 ﾠto	 ﾠtreat	 ﾠthe	 ﾠ
peak	 ﾠand	 ﾠlow	 ﾠflow	 ﾠparts	 ﾠof	 ﾠthe	 ﾠhydrograph	 ﾠwith	 ﾠparticular	 ﾠcare.	 ﾠ
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8  Sammanfattning 
	 ﾠ
Hydrologi och skog i Blå Nilens avrinningsområde: Vilka 
lärdomar kan dras om vattenförsörjning efter ett sekel av 
observationer och intervjuer med boende?  
 
Förändring	 ﾠ i	 ﾠ skogstäckning	 ﾠ har	 ﾠ föreslagits	 ﾠ vara	 ﾠ en	 ﾠ huvudsaklig	 ﾠ
anledning	 ﾠtill	 ﾠbrist	 ﾠpå	 ﾠvatten	 ﾠunder	 ﾠtorrperioden	 ﾠi	 ﾠdet	 ﾠ2	 ﾠ×	 ﾠ105	 ﾠkm2	 ﾠ
stora	 ﾠ avrinningsområdet	 ﾠ till	 ﾠ Blå	 ﾠ Nilen	 ﾠ i	 ﾠ Etiopien,	 ﾠ en	 ﾠ del	 ﾠ av	 ﾠ Nilens	 ﾠ
flodsystem.	 ﾠDetta	 ﾠär	 ﾠdock	 ﾠen	 ﾠförenkling	 ﾠav	 ﾠkomplexa	 ﾠskogs-ﾭ‐	 ﾠoch	 ﾠflödes-ﾭ‐	 ﾠ
förhållandensärskilt	 ﾠ i	 ﾠ tropikerna.	 ﾠ Målen	 ﾠ med	 ﾠ denna	 ﾠ studie	 ﾠ var	 ﾠ att	 ﾠ
studera	 ﾠ det	 ﾠ rumsliga	 ﾠ förhållandet	 ﾠ mellan	 ﾠ markanvändning	 ﾠ och	 ﾠ
flödesregimer,	 ﾠbestämma	 ﾠförändringen	 ﾠi	 ﾠskogstäckning,	 ﾠoch	 ﾠsummera	 ﾠ
resultaten	 ﾠför	 ﾠatt	 ﾠkunna	 ﾠdefiniera	 ﾠrelationen	 ﾠmellan	 ﾠskogstäckning	 ﾠoch	 ﾠ
den	 ﾠ hydrologiska	 ﾠ regimen.	 ﾠ Två	 ﾠ huvudsakliga	 ﾠ tillvägagångssätt	 ﾠ
användes:	 ﾠ analys	 ﾠ av	 ﾠ observationsdata	 ﾠ och	 ﾠ intervjuer	 ﾠ med	 ﾠ boende.	 ﾠ
Trettitvå	 ﾠavrinningsområden	 ﾠingick	 ﾠi	 ﾠden	 ﾠrumsliga	 ﾠstudien	 ﾠoch	 ﾠ45	 ﾠårs	 ﾠ
data	 ﾠför	 ﾠett	 ﾠdussintal	 ﾠavrinningsområden	 ﾠanalyserades	 ﾠi	 ﾠden	 ﾠtemporala	 ﾠ
studien.	 ﾠ Statistiska	 ﾠ metoder	 ﾠ användes	 ﾠ för	 ﾠ att	 ﾠ studera	 ﾠ det	 ﾠ rumsliga	 ﾠ
förhållandet	 ﾠmellan	 ﾠmarkanvändning	 ﾠoch	 ﾠflöde,	 ﾠoch	 ﾠbåde	 ﾠstatistiska-ﾭ‐	 ﾠ
och	 ﾠ modelleringsmetoder	 ﾠ användes	 ﾠ för	 ﾠ att	 ﾠ detektera	 ﾠ hydrologiska	 ﾠ
förändringar	 ﾠ över	 ﾠ tid.	 ﾠ Fjärranalyser	 ﾠ tillämpades	 ﾠ för	 ﾠ att	 ﾠ detektera	 ﾠ
förändringen	 ﾠi	 ﾠskogstäckning.	 ﾠ	 ﾠ
Naturlig	 ﾠ gräsmark	 ﾠ och	 ﾠ skogsmark	 ﾠ var	 ﾠ positivt	 ﾠ korrelerade	 ﾠ medan	 ﾠ
betesmark	 ﾠoch	 ﾠöppen	 ﾠbuskmark	 ﾠvar	 ﾠnegativt	 ﾠkorrelerade	 ﾠtill	 ﾠlågflödes	 ﾠ
regimer	 ﾠi	 ﾠden	 ﾠrumsliga	 ﾠstudien.	 ﾠDet	 ﾠfanns	 ﾠinga	 ﾠstörre	 ﾠförändringar	 ﾠi	 ﾠ
flödesregim	 ﾠöver	 ﾠtid,	 ﾠeller	 ﾠtydliga,	 ﾠgenerella	 ﾠresultat	 ﾠsom	 ﾠkunde	 ﾠkoppla	 ﾠ
försämring	 ﾠav	 ﾠmarkens	 ﾠtillstånd	 ﾠeller	 ﾠförändringar	 ﾠi	 ﾠmarkanvändning	 ﾠ
med	 ﾠhydrologiska	 ﾠförändringar.	 ﾠDen	 ﾠförändring	 ﾠsom	 ﾠkunde	 ﾠrelateras	 ﾠ
till	 ﾠ skogstäckning	 ﾠ var	 ﾠ avrinningsområdesspecifik,	 ﾠ även	 ﾠ om	 ﾠ det	 ﾠ
generellt	 ﾠvar	 ﾠskillnad	 ﾠmellan	 ﾠde	 ﾠsödra	 ﾠoch	 ﾠnorra	 ﾠavrinningsområdena	 ﾠ	 ﾠ 43	 ﾠ
med	 ﾠ avseende	 ﾠ på	 ﾠ tidsramen	 ﾠ för	 ﾠ avskogning.	 ﾠ Intervjuerna	 ﾠ med	 ﾠ de	 ﾠ
boende	 ﾠ indikerade	 ﾠ att	 ﾠ relationen	 ﾠ mellan	 ﾠ skogstäckning	 ﾠ och	 ﾠ
flödesregim	 ﾠ var	 ﾠ mer	 ﾠ komplex	 ﾠ än	 ﾠ att	 ﾠ enbart	 ﾠ avskogningen	 ﾠ orsakade	 ﾠ
bortfall	 ﾠav	 ﾠflöde	 ﾠunder	 ﾠtorrperioden.	 ﾠEnligt	 ﾠde	 ﾠäldre	 ﾠinvånarna	 ﾠvar	 ﾠskog	 ﾠ
och	 ﾠ flödesförhållandet	 ﾠ avrinningsområdesspecifikt,	 ﾠ förhållandet	 ﾠ var	 ﾠ
även	 ﾠspecifikt	 ﾠmellan	 ﾠdelavrinningsområden.	 ﾠAvsaknaden	 ﾠav	 ﾠett	 ﾠtydligt	 ﾠ
förhållande	 ﾠmellan	 ﾠförändringar	 ﾠi	 ﾠskogstäckning	 ﾠoch	 ﾠflödesregim	 ﾠi	 ﾠen	 ﾠ
temporal	 ﾠdimension	 ﾠkan	 ﾠbero	 ﾠpå	 ﾠskalan	 ﾠpå	 ﾠytan	 ﾠav	 ﾠavrinningsområden,	 ﾠ
osäkerhet	 ﾠi	 ﾠflödesmätningar	 ﾠnär	 ﾠdet	 ﾠkommer	 ﾠtill	 ﾠflödesextremer	 ﾠoch	 ﾠ
påverkan	 ﾠfrån	 ﾠvariationen	 ﾠi	 ﾠnederbörd	 ﾠi	 ﾠregionen.	 ﾠ	 ﾠ	 ﾠ
Den	 ﾠ avrinningsområdesspecifika	 ﾠ relationen	 ﾠ mellan	 ﾠ skog	 ﾠ och	 ﾠ flöde	 ﾠ i	 ﾠ
avrinningsområdet,	 ﾠvilket	 ﾠbekräftades	 ﾠgenom	 ﾠintervjuer	 ﾠmed	 ﾠboende,	 ﾠ
indikerar	 ﾠ att	 ﾠ skogshydrologiska	 ﾠ studier	 ﾠ måste	 ﾠ skräddarsys	 ﾠ till	 ﾠ
avrinningsområdesskala,	 ﾠeller	 ﾠtill	 ﾠoch	 ﾠmed	 ﾠdelavrinningsskala	 ﾠsom	 ﾠen	 ﾠ
specifik	 ﾠsluttning.	 ﾠResultatet	 ﾠunderströk	 ﾠockså	 ﾠbetydelsen	 ﾠav	 ﾠatt	 ﾠkunna	 ﾠ
modellera	 ﾠ eller	 ﾠ mäta	 ﾠ vattentillgång	 ﾠ i	 ﾠ skalor	 ﾠ som	 ﾠ passar	 ﾠ enskilda	 ﾠ
jordbruk	 ﾠeller	 ﾠfloder.	 ﾠ	 ﾠ
	 ﾠ
Nyckelord:	 ﾠ Intervjuer,	 ﾠ Etiopien,	 ﾠ Skogshydrologi,	 ﾠ Lågflöde,	 ﾠ
Observations	 ﾠanalyser	 ﾠ	 ﾠ 44	 ﾠ
Acknowledgements 
The	 ﾠstory	 ﾠof	 ﾠthis	 ﾠthesis	 ﾠbegan	 ﾠin	 ﾠ2005	 ﾠwhen	 ﾠI	 ﾠwas	 ﾠstudying	 ﾠfor	 ﾠmy	 ﾠMSc	 ﾠ
at	 ﾠthe	 ﾠWondo-ﾭ‐Genet	 ﾠCollege	 ﾠof	 ﾠForestry,	 ﾠEthiopia.	 ﾠBy	 ﾠthen,	 ﾠI	 ﾠhad	 ﾠmet	 ﾠ
the	 ﾠlate	 ﾠResearcher	 ﾠEmeritus	 ﾠDr.	 ﾠJeremy	 ﾠFlower-ﾭ‐Ellis,	 ﾠwho	 ﾠhelped	 ﾠme	 ﾠ
throughout	 ﾠthe	 ﾠMSc	 ﾠwork.	 ﾠ	 ﾠ
	 ﾠ
In	 ﾠaddition	 ﾠto	 ﾠhis	 ﾠencouragement,	 ﾠ Jeremy	 ﾠprovided	 ﾠthe	 ﾠlink	 ﾠ to	 ﾠProf.	 ﾠ
Kevin	 ﾠ Bishop,	 ﾠ my	 ﾠ main	 ﾠ supervisor	 ﾠ for	 ﾠ both	 ﾠ my	 ﾠ MSc	 ﾠ and	 ﾠ this	 ﾠ PhD.	 ﾠ
Kevin	 ﾠ was	 ﾠ motivated	 ﾠ to	 ﾠ continue	 ﾠ the	 ﾠ forest	 ﾠ hydrology	 ﾠ work	 ﾠ that	 ﾠ
started	 ﾠin	 ﾠthe	 ﾠMSc	 ﾠand	 ﾠtook	 ﾠme	 ﾠon	 ﾠas	 ﾠhis	 ﾠstudent	 ﾠat	 ﾠthe	 ﾠbeginning	 ﾠof	 ﾠ
2007.	 ﾠDuring	 ﾠmy	 ﾠPhD	 ﾠstudent	 ﾠlife,	 ﾠI	 ﾠhave	 ﾠbeen	 ﾠoverwhelmed	 ﾠby	 ﾠKevin’s	 ﾠ
individual	 ﾠteaching	 ﾠexpertise,	 ﾠvast	 ﾠprofessional	 ﾠknowledge	 ﾠand	 ﾠfamily-ﾭ‐
based	 ﾠ relationship.	 ﾠ Sweden	 ﾠ became	 ﾠ my	 ﾠ second	 ﾠ home	 ﾠ –	 ﾠ because	 ﾠ of	 ﾠ
Kevin	 ﾠand	 ﾠhis	 ﾠfamily.	 ﾠI	 ﾠconfess	 ﾠto	 ﾠKevin	 ﾠyou	 ﾠare	 ﾠthe	 ﾠonly	 ﾠteacher	 ﾠin	 ﾠmy	 ﾠ
entire	 ﾠlife	 ﾠthat	 ﾠlet	 ﾠme	 ﾠanswer	 ﾠmy	 ﾠown	 ﾠscience	 ﾠquestions.	 ﾠ	 ﾠ
	 ﾠ
On	 ﾠ the	 ﾠ shoulders	 ﾠ of	 ﾠ Kevin	 ﾠ and	 ﾠ the	 ﾠ other	 ﾠ supervisors,	 ﾠ this	 ﾠ forest	 ﾠ
hydrology	 ﾠwork	 ﾠof	 ﾠthe	 ﾠBlue	 ﾠNile	 ﾠBasin	 ﾠfinally	 ﾠcame	 ﾠinto	 ﾠbeing.	 ﾠAlways	 ﾠ
in	 ﾠmy	 ﾠheart	 ﾠis	 ﾠthe	 ﾠcaring,	 ﾠattentive	 ﾠfollow-ﾭ‐up	 ﾠfrom	 ﾠDoc.	 ﾠAnnemieke	 ﾠ
Gärdenäs.	 ﾠAnnemieke	 ﾠlet	 ﾠme	 ﾠexploit	 ﾠher	 ﾠimmense	 ﾠintellectual	 ﾠability	 ﾠ
from	 ﾠdata	 ﾠexploration	 ﾠto	 ﾠwriting,	 ﾠeven	 ﾠin	 ﾠthe	 ﾠmiddle	 ﾠof	 ﾠbusy	 ﾠschedules.	 ﾠ
My	 ﾠknowledge	 ﾠof	 ﾠSwedish	 ﾠculture,	 ﾠplaces…	 ﾠall	 ﾠcame	 ﾠfrom	 ﾠAnnemieke.	 ﾠ
I’m	 ﾠindebted	 ﾠto	 ﾠthe	 ﾠhospitality	 ﾠI	 ﾠreceived	 ﾠin	 ﾠyour	 ﾠhome	 ﾠfrom	 ﾠboth	 ﾠyou	 ﾠand	 ﾠ
your	 ﾠsons.	 ﾠ	 ﾠ
	 ﾠ
An	 ﾠexceptional	 ﾠopportunity	 ﾠI	 ﾠgot	 ﾠwas	 ﾠthe	 ﾠchance	 ﾠto	 ﾠwork	 ﾠwith	 ﾠProf.	 ﾠJan	 ﾠ
Seibert.	 ﾠ Jan	 ﾠ was	 ﾠ the	 ﾠ first	 ﾠ person	 ﾠ to	 ﾠ teach	 ﾠ me	 ﾠ modeling.	 ﾠ I	 ﾠ am	 ﾠ
exceptionally	 ﾠgrateful	 ﾠto	 ﾠyou	 ﾠfor	 ﾠmaking	 ﾠmy	 ﾠhydrological	 ﾠworld	 ﾠbetter.	 ﾠI	 ﾠ
had	 ﾠthe	 ﾠchance	 ﾠto	 ﾠtake	 ﾠpart	 ﾠin	 ﾠAdvanced	 ﾠHydrological	 ﾠModeling	 ﾠcourse	 ﾠ	 ﾠ 45	 ﾠ
at	 ﾠ Oslo	 ﾠ University	 ﾠ given	 ﾠ by	 ﾠ Prof.	 ﾠ Chong	 ﾠ Xu.	 ﾠ I	 ﾠ need	 ﾠ to	 ﾠ take	 ﾠ this	 ﾠ
opportunity	 ﾠto	 ﾠthank	 ﾠChong	 ﾠXu	 ﾠfor	 ﾠtaking	 ﾠso	 ﾠmuch	 ﾠtime	 ﾠto	 ﾠhelp	 ﾠme	 ﾠwith	 ﾠ
my	 ﾠspecific	 ﾠtopic	 ﾠin	 ﾠhis	 ﾠcourse.	 ﾠ	 ﾠ
	 ﾠ
My	 ﾠgratitude	 ﾠgoes	 ﾠto	 ﾠDr.	 ﾠPer-ﾭ‐Erik	 ﾠMellander	 ﾠfor	 ﾠindispensable	 ﾠhelp	 ﾠon	 ﾠ
the	 ﾠ climate	 ﾠ part	 ﾠ of	 ﾠ this	 ﾠ work,	 ﾠ both	 ﾠ in	 ﾠ Ethiopia	 ﾠ and	 ﾠ Sundsvall.	 ﾠ We	 ﾠ
shared	 ﾠgood	 ﾠexperiences	 ﾠin	 ﾠworking	 ﾠtogether	 ﾠand	 ﾠin	 ﾠfriendship.	 ﾠ	 ﾠ
	 ﾠ
Without	 ﾠa	 ﾠdoubt	 ﾠmultivariate	 ﾠanalysis	 ﾠwould	 ﾠhave	 ﾠbeen	 ﾠan	 ﾠimpossible	 ﾠ
dream	 ﾠfor	 ﾠme	 ﾠwithout	 ﾠthe	 ﾠhelp	 ﾠof	 ﾠDr.	 ﾠUlrik	 ﾠIlstedt.	 ﾠUlrik	 ﾠhosted	 ﾠme	 ﾠat	 ﾠ
his	 ﾠfaculty,	 ﾠin	 ﾠUmeå	 ﾠand	 ﾠcame	 ﾠto	 ﾠUppsala	 ﾠto	 ﾠshare	 ﾠhis	 ﾠexpertise.	 ﾠ
	 ﾠ
The	 ﾠadvising	 ﾠtime	 ﾠin	 ﾠboth	 ﾠEthiopia	 ﾠand	 ﾠSweden	 ﾠfrom	 ﾠDr.	 ﾠWoldeamlak	 ﾠ
Bewket	 ﾠwas	 ﾠincredible.	 ﾠI	 ﾠtook	 ﾠadvantage	 ﾠof	 ﾠWoldeamlak’s	 ﾠlunch	 ﾠand	 ﾠ
coffee	 ﾠbreaks	 ﾠto	 ﾠlearn	 ﾠmore	 ﾠfrom	 ﾠhim;	 ﾠeven	 ﾠthough	 ﾠtalking	 ﾠabout	 ﾠwork	 ﾠ
during	 ﾠ lunch	 ﾠ and	 ﾠ coffee	 ﾠ is	 ﾠ unusual	 ﾠ for	 ﾠ the	 ﾠ culture	 ﾠ in	 ﾠ Ethiopia.	 ﾠ I’m	 ﾠ
grateful	 ﾠfor	 ﾠboth	 ﾠthe	 ﾠadvice	 ﾠand	 ﾠfriendship.	 ﾠ
	 ﾠ
My	 ﾠdeep	 ﾠgratitude	 ﾠgoes	 ﾠto	 ﾠindividuals	 ﾠand	 ﾠinstitutions,	 ﾠwithout	 ﾠwhom	 ﾠ
this	 ﾠ thesis	 ﾠ would	 ﾠ have	 ﾠ been	 ﾠ impossible	 ﾠ to	 ﾠ finalize.	 ﾠ The	 ﾠ elderly	 ﾠ
farmers	 ﾠ who	 ﾠ participated	 ﾠ in	 ﾠ the	 ﾠ community	 ﾠ perception	 ﾠ interviews,	 ﾠ
gave	 ﾠ their	 ﾠ precious	 ﾠ time	 ﾠ to	 ﾠ share	 ﾠ knowledge	 ﾠ on	 ﾠ forest	 ﾠ hydrology:	 ﾠ I	 ﾠ
learned	 ﾠmore	 ﾠthan	 ﾠforest	 ﾠhydrology	 ﾠfrom	 ﾠthem.	 ﾠThe	 ﾠEthiopian	 ﾠMinistry	 ﾠ
of	 ﾠ Water	 ﾠ and	 ﾠ Energy,	 ﾠ Hydrology	 ﾠ Department,	 ﾠ provided	 ﾠ all	 ﾠ the	 ﾠ
hydrological	 ﾠ data	 ﾠ and	 ﾠ the	 ﾠ Bureau	 ﾠ of	 ﾠ Water	 ﾠ Resources,	 ﾠ Amhara	 ﾠ
Region,	 ﾠEthiopia	 ﾠhelped	 ﾠme	 ﾠto	 ﾠaccess	 ﾠmost	 ﾠof	 ﾠthe	 ﾠwatersheds	 ﾠduring	 ﾠ
the	 ﾠfield	 ﾠvisit.	 ﾠThe	 ﾠUpper-ﾭ‐Didesa	 ﾠwatershed	 ﾠwas	 ﾠvisited	 ﾠthrough	 ﾠof	 ﾠthe	 ﾠ
help	 ﾠof	 ﾠSigmo-ﾭ‐Setema	 ﾠForest	 ﾠEnterprise,	 ﾠOromia	 ﾠForest	 ﾠEnterprise,	 ﾠ
Ethiopia.	 ﾠ
	 ﾠ
I’m	 ﾠgrateful	 ﾠto	 ﾠPhD	 ﾠcolleagues	 ﾠand	 ﾠfriends	 ﾠin	 ﾠSweden	 ﾠand	 ﾠEthiopia	 ﾠ
for	 ﾠsharing	 ﾠtime	 ﾠand	 ﾠlife	 ﾠtogether	 ﾠduring	 ﾠmy	 ﾠPhD	 ﾠstudy.	 ﾠSpecial	 ﾠthanks	 ﾠ
goes	 ﾠto	 ﾠKarin	 ﾠEklöf,	 ﾠSalar	 ﾠValinia	 ﾠand	 ﾠStaffan	 ﾠÅkerblom	 ﾠin	 ﾠhelping	 ﾠ
with	 ﾠboth	 ﾠthe	 ﾠbureaucratic	 ﾠand	 ﾠsocial	 ﾠparts	 ﾠof	 ﾠthe	 ﾠPhD.	 ﾠ
	 ﾠ
Words	 ﾠ fail	 ﾠ to	 ﾠ express	 ﾠ my	 ﾠ gratitude	 ﾠ to	 ﾠ my	 ﾠ sons	 ﾠ and	 ﾠ my	 ﾠ wife,	 ﾠ
Haregewoin,	 ﾠNahom,	 ﾠAklile,	 ﾠand	 ﾠSenait	 ﾠfor	 ﾠalways	 ﾠsupporting	 ﾠme	 ﾠin	 ﾠ
all	 ﾠ my	 ﾠ work.	 ﾠ My	 ﾠ deep	 ﾠ appreciation	 ﾠ also	 ﾠ goes	 ﾠ to	 ﾠ my	 ﾠ father-ﾭ‐in-ﾭ‐law,	 ﾠ
Tesfaye	 ﾠAbebe,	 ﾠfor	 ﾠalways	 ﾠencouraging	 ﾠthe	 ﾠprogress	 ﾠof	 ﾠmy	 ﾠwork.	 ﾠ
	 ﾠ	 ﾠ 46	 ﾠ
My	 ﾠsincerest	 ﾠand	 ﾠheartfelt	 ﾠthanks	 ﾠgo	 ﾠto	 ﾠmy	 ﾠgrandma	 ﾠNigatua	 ﾠKefale	 ﾠ
Gebreyes	 ﾠ and	 ﾠ granddad	 ﾠ Gebreyohannis	 ﾠ Gebrehiwot	 ﾠ Zena,	 ﾠ who	 ﾠ
raised	 ﾠme	 ﾠand	 ﾠsent	 ﾠme	 ﾠto	 ﾠschool.	 ﾠThey	 ﾠhad	 ﾠa	 ﾠvision	 ﾠof	 ﾠseeing	 ﾠme	 ﾠBIG,	 ﾠ
but	 ﾠ unfortunately	 ﾠ they	 ﾠ did	 ﾠ not	 ﾠ have	 ﾠ the	 ﾠ chance	 ﾠ to	 ﾠ see	 ﾠ this	 ﾠ small	 ﾠ
achievement.	 ﾠAlthough	 ﾠI	 ﾠsaid	 ﾠgoodbye	 ﾠto	 ﾠmy	 ﾠgrandma	 ﾠduring	 ﾠthis	 ﾠstudy	 ﾠ
and	 ﾠto	 ﾠgranddad	 ﾠbefore	 ﾠjoining	 ﾠUniversity,	 ﾠI	 ﾠwill	 ﾠnever	 ﾠforget	 ﾠhow	 ﾠI	 ﾠ
became	 ﾠwho	 ﾠI	 ﾠam	 ﾠbecause	 ﾠof	 ﾠtheir	 ﾠsupport.	 ﾠ	 ﾠ
	 ﾠ